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Abstract of Dissertation

Meeting the Millennium Development Goals:
Improving Evaluation of Service Delivery and Understanding Caveats in Poverty

Benchmarking

The Millennium Development Goals (MDGs) target date of 2015 is rapidly approach-

ing. Despite an increase in health and education funding, countries inabilities to meet health

and education goals (which make up more than half of the MDGs) put increased emphasis

on the measurement of service delivery. The inabilities of countries in Sub-Saharan Africa

to meet the target of reducing poverty by half has put emphasis on the importance of un-

derstanding how initial conditions impact a country’s ability to meet this benchmark. This

dissertation will add to this research.

Chapter 2 introduces a new approach to the measurement of service delivery. This

chapter introduces the Service Delivery Underperformance Index (SDUI) which measures

the underperformance, or multiple inadequacies, in service delivery. Although there has

been much work that has discussed how inadequacies in service delivery impact health and

education outcomes no work has been done on the measurement of poor performance in the

delivery of services. The measurement of the poor performance of service delivery can lead

to identification of problems in the delivery of services and draw attention to them. The

SDUI adapts the Alkire and Foster (2011) methodology used for poverty measurement to

service delivery. The Alkire and Foster (2011) methodology is used because it allows the

index to satisfy numerous properties that a measure of underperforming service delivery

should have, including having a focus on underperformance, dimensional monotonicity,

subgroup decomposability, and decomposability by dimensions and indicators. The pos-

sible dimensions and indicators of underperforming service delivery are discussed and it

is shown how the Alkire and Foster (2011) methodology is applied to calculate the index

using facilities as the unit of analysis. It is shown how statistical significance tests can be

done to determine the statistical significance of the rankings determined by the SDUI.
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Chapter 3 uses the SDUI introduced in Chapter 2 to analyze underperforming health-

care delivery using data from Demographic and Health Surveys Service Provision Assess-

ment. By applying the index, this chapter demonstrates how the SDUI can be used with

a data source and how the inadequate delivery of services can be compared across coun-

tries and within a country. A cross-country comparison of healthcare delivery is done for

Rwanda, Uganda, and Tanzania, where it is found that Rwanda has the best performing

healthcare delivery despite being ranked below Tanzania and Uganda in terms of some

health outcomes. A more extensive analysis of healthcare delivery in Rwanda shows that

there are significant disparities in the performance of different types of facilities. The SDUI

is used to evaluate facilities in Rwanda that did or did not participate in policies intended

to improve healthcare delivery, and it is found that facilities that participated in community

involvement performed better than facilities that did not. This observation calls for future

work to be done using the SDUI as an impact evaluation tool to analyze how policies impact

underperforming healthcare delivery.

Chapter 4 applies the Service Delivery Underperformance Index introduced in Chap-

ter 2 to the education sector of Papua New Guinea (PNG). By applying the SDUI to a

country data source for the education sector, the index demonstrates its ability to make

within-country comparisons of the delivery of education services and target facilities that

are delivering the poorest services to populations for policy purposes. Results from this

analysis show that there are significant differences in the delivery of education services

across different managerial types. Because the education sector in PNG is highly decen-

tralized, the SDUI is decomposed further to analyze rankings of different type of facilities

and different managerial authorities within provinces. There are significant differences

across managing authority and types of facilities depending on the province. The SDUI is

used to evaluate facilities in PNG that did or did not participate in multigrade classroom

use and that did or did not have community involvement. These are two policies that the

government was interested in expanding at the time of the survey. It is found that facilities
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that participated in either policy performed better than facilities that did not. This observa-

tion calls for future work to be done using the SDUI as an impact evaluation tool to analyze

how policies impact underperforming education delivery.

Chapter 5 creates a framework to quantify the impact that poor initial conditions have

on a country’s ability to achieve inclusive growth, i.e. how much initial conditions affect

a country’s ability to reduce poverty given a level of growth. To do this, the framework

calculates counterfactual poverty reduction when all countries are given the same initial

conditions but still maintain their original growth rates. Results show that, due to initial

conditions it is much more difficult for these countries to achieve inclusive growth. After

equalizing initial conditions poorer countries are much more able to achieve high rates of

poverty reduction given their original growth rates. This holds for different measures of

poverty as well as different poverty lines.
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Chapter 1: Introduction

The Millennium Development Goals (MDGs) target date of 2015 is rapidly approaching.

There have been many successes as a result of these goals. Globally, the target of reducing

the proportion of people living on less than $1.25 a day by half has been met. Mortality

rates from malaria have fallen by more than 25% globally since the announcement of the

MDGs. Rwanda has reduced its under-5 mortality rate by over 60% and is expected to meet

the target of reducing under-5 mortality by two thirds. (United Nations (2013))

Despite the many successes, some countries and regions will be unable to meet the

international targets set out in the MDGs. In Sub-Saharan Africa, the number of people

living in extreme poverty rose by over 100 million from 1990 to 2010 and the region is

projected to miss the poverty reduction target. Out of the 48 countries in Sub-Saharan

Africa, only 8 are projected to meet the goal of reducing under-5 mortality rates by two

thirds. According to current trends, the world will not meet the goal of universal primary

education by 2015. Papua New Guinea (PNG) is projected to miss all of the international

targets set by the MDGs. (United Nations (2013))

Despite an increase in health and education funding, countries inabilities to meet health

and education goals (which make up more than half of the MDGs) put increased emphasis

on the need for a measure of service delivery. Chapter 2 introduces a new approach to the

measurement of service delivery. The Service Delivery Underperformance Index (SDUI)

measures the underperformance, or multiple inadequacies, in service delivery.

Though there has been much work that has discussed how inadequacies in service deliv-

ery impact outcomes, such as health and education, no work has been done on the measure-

ment of poor performance in the delivery of services. The measurement of the poor perfor-

mance of service delivery can lead to identification of problems in the delivery of services
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and draw attention to them. The SDUI adapts the Alkire and Foster (2011) methodology

used for poverty measurement to service delivery.

The Alkire and Foster (2011) methodology is used as it allows the SDUI to satisfy

numerous properties that a measure of the underperformance of service delivery should

satisfy. The SDUI will have a focus on underperformance and those dimensions facilities

are inadequate in. This is in accordance with our theoretical argument for the need of a

measure of underperforming service delivery. This theoretical argument uses Sen’s the-

ory of development from Sen (1999) and Foster and Handy (2008a)’s theory of external

capabilities. Each facility is considered to give the surrounding population additional ca-

pabilities or freedoms through its adequate provision of service delivery. The poor delivery

of services then deprives individuals of capabilities. If we consider development as the

expansion of people’s freedoms, then we should focus on those individuals that experience

multiple deprivations of freedom.

The SDUI will satisfy dimensional monotonicity, such that if a underperforming facility

becomes inadequate in another indicator or dimension then the index will increase in value,

implying worse delivery of services. This implies that the breadth of capabilities that people

are not receiving from local facilities matters. A facility where providers don’t show up

and supplies are unavailable is worse than a facility that only has providers that are absent.

It also implies that a facility with multiple inadequacies has a more negative impact on

individuals than numerous facilities with only one inadequacy.

The SDUI will satisfy subgroup decomposability (such that if service delivery improves

in one group and is unchanged in all other groups, service delivery will necessarily improve

for both groups in total) and decomposability by dimension and indicator (so that policy

can identify those dimensions and indicators that are making the largest contribution to the

poor delivery of services). It will also allow for the inclusion of ordinal variables.

Indicators that have been used in previous research to reflect the underperformance

of service delivery in the health and education sector are discussed and categorized into
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three core dimensions: the ineffective use of resources/financing, the ineffective use of

infrastructure, and the ineffective use of labor.

It is shown how the Alkire and Foster (2011) methodology is applied to calculate service

delivery using facilities as the unit of analysis. An in-depth explanation is given on how to

apply adequacy cutoffs (the threshold below which a facility is considered inadequate in an

indicator of service delivery) and the underperformance cutoff (the number of inadequacies

required to classify a facility as underperforming in service delivery) to a data matrix of

inadequacies for all facilities and calculate the SDUI. No discussion is given as to how to

choose each of the cutoffs as this is left for the application of the SDUI in chapters 2 and 3.

Lastly, it is discussed how statistical significance tests can be done to determine the

statistical significance of the rankings determined by the SDUI. Then it is discussed how

the literature has looked at robustness of results to changes in the cutoffs and weights

chosen. This includes using Spearman’s Rho, Kendall’s Tau, and Pearson’s rank correlation

coefficients of the rankings determined by different specifications.

Chapter 3 uses the SDUI that was introduced in Chapter 2 to analyze the underperfor-

mance of healthcare delivery using data from Demographic and Health Surveys Service

Provision Assessment. By applying the index, this chapter will demonstrate how the SDUI

can be used with a data source and how the delivery of services can be compared across

countries.

First the SDUI is calculated using DHS:SPA survey data for Rwanda, Uganda, and

Tanzania. This allows for a cross-country comparison of underperforming healthcare de-

livery to be made. It is found that Rwanda has the best delivery of healthcare services,

despite being ranked below Uganda and Tanzania for some health variables. This result is

statistically significant at the 1% level and is robust to a change in the underperformance

threshold, adequacy thresholds, and weights. Though a cross-country comparison does not

aid countries in terms of policy, the measurement of the underperformance of healthcare
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delivery will draw attention to those countries that are not providing adequate delivery of

healthcare services to people so that healthcare delivery can be improved.

Second, the SDUI is decomposed for Rwanda. This allows for a within-country anal-

ysis of underperforming healthcare delivery to be done. Rwanda’s SDUI is decomposed

by the type of facility, governing authority of facilities, and province where facilities are

located. It is found that health posts, dispensaries, and clinics are the worst at delivering

healthcare services, while hospitals are the best. This result is statistically significant and

is robust to a change in the underperformance threshold, adequacy thresholds, and weights.

The rankings by governing authority and province are not robust. However, regressions are

run to determine what are the determinants of the index, i.e. what characteristics are signif-

icantly correlated with the index, and it is found that the provinces of Enga and Kigali City

have a significant negative relation to the number of inadequacies experienced by facilities

as well as whether a facility is classified as underperforming.

Lastly, the SDUI is used to compare healthcare delivery for facilities that did and did

not participate in three policies that have been used in many countries to improve the de-

livery of healthcare services. This is done not to show that the policy had an impact on

healthcare delivery or causation in any way. It is found that for facilities with more com-

munity involvement there was better healthcare delivery at the time of the survey. This

result is robust to changes in the underperformance cutoff, adequacy cutoffs, and weights.

Hopefully these results will act as an incentive for future research to use the SDUI for the

purpose of impact evaluation on healthcare delivery.

Chapter 4 applies the Service Delivery Underperformance Index introduced in Chapter

2 of this dissertation to the education sector of Papua New Guinea (PNG). By applying the

SDUI to a country data source for the education sector, the ability of the index to make

within-country comparisons of the delivery of education services and target facilities that

are delivering the poorest services to populations for policy purposes is demonstrated.
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The application of the SDUI to the education sector below uses Public Expenditure

and Service Delivery data for the country of PNG. PNG has one of the lowest literacy

rates of all developing countries at 61%, a low gross enrollment ratio of 63%, and about

half of students do not complete primary school. (Department of National Planning and

Monitoring of Papua New Guinea (2010)) As of 2010, the country will be unable to meet

any of the international targets set by the Millennium Development Goals. An analysis of

the delivery of education services in PNG will identify facilities that are performing poorly

in the delivery of education services for policy to target.

Results from calculating the SDUI for education in PNG show that there are significant

differences in the delivery of education services across different managerial authorities.

Because the education sector in PNG is highly decentralized, the SDUI is decomposed

further to analyze rankings within provinces. When analyzing the delivery of education

services within provinces, differences across managing authority and types of facilities

become statistically significant. These results are also robust to a change in the underper-

formance cutoff, a change in weights, and a change in adequacy thresholds. An OLS and

Probit regression are done to see what characteristics are correlated with whether a school

is classified as underperforming and the number of inadequacies that a school has.

The use of multigrade classrooms as well as the increase of community involvement in

schools are two policies that PNG has been interested in expanding. The PESD asks about

whether the school uses multigrade classrooms as well as about community partnerships

with the school. In the following analysis, the SDUI is used to compare education delivery

across schools that at the time of the survey used either of these policies and those that did

not. Schools that partook in these policies are found to have better delivery of education

services than schools that did not. This is simply meant as an exercise to compare the

delivery of education services across these facilities (i.e. simply looking at correlations not

causation). However, the results suggest that further analysis should be done on analyzing
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the impact of multigrade classrooms and community involvement on education delivery

using the SDUI as an impact evaluation tool.

Sub-Saharan Africa’s inability to meet the target of reducing extreme poverty by half

has put emphasis on the importance of understanding how initial conditions impact a coun-

try’s ability to meet this benchmark, as this region started with the smallest average income

of all regions. Chapter 5 follows the work of Bourguignon (2002), Ravallion (2012), and

Easterly (2009) in exploring the impact that initial conditions have on a country’s ability

to reduce poverty rates. Though previous work has shown that initial conditions have a

negative impact on a country’s ability to reduce poverty rates, these results have not been

quantified and have relied on the assumption of using the lognormal distribution to ap-

proximate the distribution of income for countries. This chapter shows that the lognormal

does a poor job of approximating income distributions especially for measures of poverty

other than the headcount ratio. It then quantifies the impact that initial conditions have on

a country’s ability to achieve inclusive growth, i.e. reduce poverty given it’s current growth

rates.

First, a theoretical argument is given where examples are used to demonstrate the im-

portance of where the poverty line intersects the distribution with respect to poverty reduc-

tion that a country experiences. Over the period of 1995 to 2008, Costa Rica experienced

a growth rate twice the value of Brazil’s, however Brazil reduced their headcount ratio by

12 percentage points versus Costa Rica’s 7 percentage point reduction. Analyzing the dis-

tributions shows that where the poverty line intersects the distribution sheds light on why

this is the case.

A framework is developed to quantify how much harder it is for countries to achieve

poverty reduction with their given level of growth. Specifically, the framework gives all

countries the same initial conditions (average per capita income and inequality), while

maintaining the countries level of income growth, and quantifies the counterfactual reduc-

tion in poverty.
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The framework is then applied using Povcal data as well as household survey data for

countries in Latin America. First, an analysis is done for the $2.5 a day poverty line. Coun-

terfactual poverty reduction rates are calculated and compared to actual poverty reduction

rates of 74 countries. Significant differences are found. After equalizing initial conditions

poorer countries are much more able to achieve high rates of poverty reduction (in % terms)

given their original growth rates. This holds for both the headcount ratio and poverty gap.

Therefore, poorer countries are penalized for their initial conditions in terms of their ability

to achieve inclusive growth. This is the same result as was found by Easterly (2009), how-

ever this chapter quantifies these results using a better approximation of the distribution

then the lognormal and extends the conclusion of Easterly (2009) to the poverty gap.

However, when poverty reduction is measured in percentage points there is no sig-

nificant impact from giving countries the same initial conditions while maintaining each

countries growth rate. When poverty reduction is measured using the poverty gap, poor

countries achieve significantly higher inclusive growth than wealthier countries. Imply-

ing that for the Post-2015 Development Agenda targets should be set in percentage point

changes and not percentage changes.

Next an analysis is done for the $1 a day line. Comparing the counterfactual poverty

reduction to actual poverty reduction for 38 countries does show that equalizing initial con-

ditions results in poorer countries being able to reduce poverty by more given their current

growth rates, however these results are not statistically significant due to the smaller move-

ment of the distribution when equalizing initial conditions in this small group of countries.

However, substantial differences remain.
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Chapter 2: The Service Delivery Underperformance Index

2.1: Introduction

More than half of the eight Millennium Development Goals (MDGs) are directly related

to improving health and education, and while funding for healthcare and education has

increased since the announcement of the MDGs, outcome variables in many low and mid-

dle income countries have stagnated (World Bank; International Monetary Fund (2006)).

Clearly, increased health funding has been insufficient for countries to meet these MDGs.

This observation suggests that an increased emphasis should be placed on the delivery of

healthcare and education services, in particular on measuring and improving its perfor-

mance.

This chapter introduces a new approach to the measurement of service delivery. The

Service Delivery Underperformance Index (SDUI) measures the underperformance, or

multiple inadequacies, in service delivery. Though there has been much work that has

discussed how inadequacies in service delivery impact outcomes, such as health and ed-

ucation, no work has been done on creating a single measure of poor performance in the

delivery of services. The measurement of the poor performance of service delivery can

lead to identification of problems in the delivery of education services and draw attention

to them. The SDUI adapts the Alkire and Foster (2011) methodology used for poverty

measurement to service delivery.

The Alkire and Foster (2011) methodology is used as it will allow the SDUI to satisfy

numerous properties that a measure of the underperformance of service delivery should sat-

isfy. The SDUI will have a focus on underperformance and those dimensions facilities are

inadequate in. This is in accordance with our theoretical argument for the need of a mea-

sure of underperforming service delivery. This theoretical argument uses Sen’s theory of

development from Sen (1999) and Foster and Handy (2008a)’s theory of external capabil-
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ities. Each facility is considered to give the surrounding population additional capabilities

or freedoms through its adequate provision of service delivery. The poor delivery of ser-

vices then deprives individuals of capabilities. If development is the expansion of peoples

freedoms, then we should focus on those individuals that experience multiple deprivations

of freedom.

The SDUI will satisfy dimensional monotonicity, such that if a underperforming facility

becomes inadequate in another indicator or dimension then the index will increase in value,

implying worse delivery of services. This implies that the breadth of capabilities that people

are not receiving from local facilities matters. A facility where providers don’t show up

and supplies are unavailable is worse than a facility that only has providers that are absent.

It also implies that a facility with multiple inadequacies has a more negative impact on

individuals than numerous facilities with only one inadequacy.

The SDUI will satisfy subgroup decomposability (such that if service delivery improves

in one group and is unchanged in all other groups, service delivery will necessarily improve

for both groups in total) and decomposability by dimension and indicator (so that policy

can identify those dimensions and indicators that are making the largest contribution to the

poor delivery of services). It will also allow for the inclusion of ordinal variables.

Indicators that have been used in previous research to reflect the underperformance

of service delivery in the health and education sector are discussed and categorized into

three core dimensions: the ineffective use of resources/financing, the ineffective use of

infrastructure, and the ineffective use of labor. Examples of the types of indicators that

could be used for each of these dimensions are given in Table 2.1.

It is shown how theAlkire and Foster (2011) methodology is applied to calculate service

delivery using facilities as the unit of analysis. An in-depth explanation is given on how to

apply adequacy cutoffs (the threshold below which a facility is considered inadequate in an

indicator of service delivery) and the underperformance cutoff (the number of inadequacies

required to classify a facility as underperforming in service delivery) to a data matrix of
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inadequacies for all facilities and calculate the SDUI. No discussion is given as to how to

choose each of the cutoffs as this is left for the application of the SDUI in chapters 2 and 3.

Lastly, it is discussed how statistical significance tests can be done to determine the

statistical significance of the rankings determined by the SDUI. Then it is discussed how

the literature has looked at robustness of results to changes in the cutoffs and weights

chosen. This includes using Spearman’s Rho, Kendall’s Tau, and Pearson’s rank correlation

coefficients of the rankings determined by different specifications.

The layout of the rest of this chapter is as follows. Section 2.2 gives a literature review.

Section 2.3 presents the theory behind the need for a measure of service delivery. Section

2.4 shows how the SDUI is computed. Section 2.5 discusses the properties satisfied by the

SDUI. Section 2.6 discusses statistical significance of the rankings suggested by the SDUI

and the robustness of the rankings of the SDUI to changes in the adequacy cutoffs, weights,

and underperformance cutoff. Section 2.7 discusses statistical significance of the rankings

suggested by the SDUI. Section 2.8 concludes.

2.2: Literature Review

There are numerous measures of the quality of health and education services. For instance,

the OECD Health Care Quality Indicators Project uses indicators of mortality and screening

rates for specific illnesses to compare the quality of healthcare across countries. The Na-

tional Center for Education Statistics recommends that 12 indicators of education quality

be used to measure the quality of eduction in schools. These include: the academic skills,

knowledge, experience and professional development of teachers. Focused and rigorous

curriculum and technology in the classroom as well as class size. Disciplinary environ-

ment, high academic expectations/goals, leadership, and faculty. The quality of healthcare

has also be measured depending on the purpose of the measure of quality. For instance,

Bruce (1990) measures the quality of care for family planning. Nicolucci, Greenfield and

Mattke (2006) measures the quality of care for diabetes.
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A majority of measurements of quality found in research are used in regressions to de-

termine the impact of quality on the dependent variable of interest. For instance, Hong,

Montana and Mishra (2006) construct an index of the quality of family planning services

at the facility level in order to analyze how quality of family planning services impact IUD

use in Egypt. Peabody, Gertler and Leibowitz (1998) analyze the relationship between in-

fant birth weight and measures of the quality of care. Gertler, Patrinos and Rubio-Codina

(2008) show that parents direct involvement in the management of schools resulted in lower

number of students failing a grade and lower number of students repeating a grade. Fertig

and Schmidt (2002) finds that an index of poor basic school conditions which aggregates

shortages of teachers and lack of instructional materials has a significantly negative impact

on reading performance from the PISA dataset. Suryadarma and Rogers (2006) analyzes

the effect of school and teacher quality on fourth graders math and dictation tests. They find

evidence that teacher absenteeism has a significant negative effect on math tests, while stu-

dents at schools that had recent staff meetings had higher scores on both math and dictation

tests.

Note that measures of quality vary depending on the indicators used. Some include

measures of basic inputs available and utilization rates of services. This paper focuses on

those indicators of quality that reflect the poor performance, or underperformance, of the

delivery of services. For instance, as indicators of quality of healthcare Hong, Montana

and Mishra (2006) include the supervision of healthcare providers and updating of family

planning registers to construct an index of the quality of family planning services at the

facility level. Suryadarma and Rogers (2006) use teacher absenteeism as a measure of

quality. Bjorkman and Svensson (2009) use cleanliness of the facility as an indicator of

the quality of healthcare provision when analyzing the impact of increasing community

involvement on the quality of healthcare.

Measures that specifically focus on the delivery of services, not on quality of services

overall, are relatively new. Lewis and Pettersson (2009b) and Lewis and Pettersson (2009a)
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compile lists of indicators of healthcare and education delivery and propose a “dashboard”

or “menu” approach for the measurement of service delivery. In this approach, the inter-

ested party chooses the indicators they would like to use (or those where data is available)

and measures each from potentially separate data sets to come up with a series of numbers

which determine the overall performance of service delivery. Bold et al. (2010) suggests

indicators of the delivery of services, including indicators of healthcare providers effort

and knowledge and basic input availability for the measurement of service delivery. The

authors also suggest that these indicators could be aggregated by normalizing each to a

number between 0 and 1, take the arithmetic mean of each indicator, and then take the

arithmetic mean of all of the indicators. This is similar to the aggregation approach used in

the construction of the Human Development Index (HDI).

These measures of service delivery differ from the measure introduced here as they do

not focus on underperformance. The theoretical argument below shows that according to

Sen’s theory of development from Sen (1999) and Foster and Handy (2008a)’s definition

of external capabilities, each facility is considered to give the surrounding population addi-

tional capabilities or freedoms through its adequate provision of service delivery. The poor

delivery of services then deprives individuals of capabilities. If development is the expan-

sion of peoples capabilities, then we should focus on those facilities that deprive people of

multiple capabilities.

Bold et al. (2010) requires that indicators all be cardinal. However, many indicators of

service delivery, such as the performance of doctors and teachers, are not cardinal. Sur-

veys of healthcare and education delivery that collect cardinal data are also very expensive

and suffer from high rates of non-response. Lewis and Pettersson (2009b) and Lewis and

Pettersson (2009a) do not aggregate indicators, which may lead to difficulties in making

comparisons of the delivery of services across different groups and over time.
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2.3: Theory

The methodologies presented here are directly related to Sen’s capability approach. This

approach measures a person’s well-being by the capabilities, or freedoms, available to him

or her to lead the kind of life he or she values. Therefore, development is measured as an

expansion of peoples capabilities, or freedoms. (Sen (1999)) A key freedom that Sen dis-

cusses is the freedom of social opportunity. “Social opportunities refer to the arrangements

that society makes for education, health care and so on, which influence the individual’s

substantive freedom to live better. These facilities are important not only for the conduct of

private lives (such as living a healthy life and avoiding preventable morbidity and prema-

ture mortality) but also for more effective participation in economic and political activities.

(Sen (1999), 39) Social opportunities for health and education are provided by facilities,

and therefore the facility can be thought of as providing capabilities to the population in

the area that the facility serves.

Foster and Handy (2008b) defines external capabilities as the capabilities that are con-

ferred to individuals through their “direct connection or relationship with another person”

(Foster and Handy (2008b),1). The prime example being the additional capabilities pro-

vided by literate family members to illiterate ones, discussed in Basu and Foster (1998).

In this example, a family member who is illiterate experiences an additional capability

through his or her relationship with a literate family member. In the case of service deliv-

ery, the facility provides additional capabilities to individuals in the surrounding area. A

high quality healthcare facility in the area allows a person to live a healthier life by pro-

viding adequate services such as checkups and vaccinations by quality personnel and the

appropriate treatment for illnesses. To measure the capabilities being provided to the in-

dividual by the facility we are forced to measure the quality of services delivered to the

population that the facility serves as a proxy of the capabilities the individual receives from

these services.
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If development is an expansion of a person’s capabilities, then poverty is a lack of capa-

bilities. This is the approach taken in the measurement of poverty in the Alkire and Foster

(2011) methodology and its application by Alkire and Santos (2011) in the Multidimen-

sional Poverty Index. Given that good quality facilities provide capabilities to individuals,

poor quality facilities deprive people of these capabilities. Therefore, we should focus on

those facilities that are depriving people of capabilities, in other words the worst performing

facilities.

2.4: Measurement of Service Delivery

2.4.1: Dimensions of Service Delivery

As discussed in the literature review, there are many indicators that have been used in

previous research that represent the underperformance of service delivery in health and

education. Amin, Das and Goldstein (2008), defines service delivery as the effectiveness

with which inputs are utilized to improve outcomes. Using this definition, the indicators

used in previous research can be represented by the effective use of:

1. Resources and Financing

2. Infrastructure

3. Providers

These dimensions are similar to the classifications of indicators used by Bold et al.

(2010) and Lewis and Pettersson (2009b) and Lewis and Pettersson (2009a). Resources

and financing are combined because the way facilities receive resources depends on the

country. In some cases, the government issues resources (such as medical supplies) directly

to the facility, while in other cases the facility is given the financing to purchase their own

resources.

These are simply suggested dimensions. One of the benefits of using the Alkire and

Foster (2011) methodology is that the government can choose the dimensions (as well as

indicators to represent these dimensions) to populate the index, depending on the structure

of the sector. Following the suggestions of Alkire and Santos (2011), dimensions could
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be chosen based off of group participants discussions of the value of capabilities, enduring

consensus, or theory.

A summarizing framework of the indicators that have been used in previous research to

reflect underperforming service delivery are listed in Table 2.1 and some examples of these

indicators from both the health and education sector are given below the table.

Table 2.1: Dimensions and Indicators that can be used to populate the SDUI
Dimension Indicators

Financing and Resources: - Financial accountability of the state to the sector.
- Supervision and monitoring of financing and
resources (including budget and supply leakages
and payroll irregularities1).

Infrastructure: - Adherence to quality assurance activities
- Maintaining the physical condition of the facil-
ity.
-Patient satisfaction ratings.

Providers: - Provider absenteeism
- Provider performance
- Provider education and training
- Corruption (such as job purchasing2 and infor-
mal payments)
- Patient satisfaction ratings.

The state is accountable to its people for efficiently financing the health and education

sectors. The WHO recommends that governments designate at least 8% of their budget

expenditure to the health sector (National Institute of Statistics Rwanda, Ministry of Health

Rwanda, and Macro International Inc. (2008)). UNESCO’s EFA Global Monitoring Report

suggests that at least 15 to 20% of countries’ national budgets be spend on education.

Gauthier and Wane (2009) find that only 1% of non-recurrent budget allocated to regional

health services actually reaches local service providers, and that after taking into account

leakages of funding, expenditure on health has a positive and significant relationship with

the number of healthcare consultations in Chad. The leakage of drug supplies (including
1the difference between payroll roster and number of actual providers working
2portion of providers claiming illegal payments were made to influence managerial decisions- including

hiring and assignments

15



the presence of ghost patients) and mismanagement of revenues has been found to have a

negative impact on healthcare delivery, as presented in McPake et al. (1999).

Quality assurance activities are activities that are performed at the facility level to main-

tain the quality of services delivered. In the health sector they may include supervisory

check lists of equipment, medications, healthcare providers (such as observation check-

lists), supervision of healthcare providers, updating of records, facility reviews of mortal-

ity, and audits of medical records. These are some of the quality assurance activities listed

in the DHS Service Provision Assessment survey. Gage and Zomahoun (2012) use data

from health facility and household surveys in five states in Nigeria to examine the associ-

ation of family planning service delivery and contraceptive outcomes. They find that there

is a strong positive association of the knowledge of contraceptive methods and the use of

quality assurance systems by family planning health facilities in the local government area

(LGA).

Hong, Montana and Mishra (2006) using the 2003 Egypt Interim Demographic and

Health Survey (EIDHS) include the supervision of healthcare providers and updating of

family planning registers to construct an index of the quality of family planning services

at the facility level. Authors find that IUD use among women was significantly positively

associated with quality of family planning services, independent of characteristics of the

facility and women surveyed. This held for women that received their IUD from a public

facility, but not from a private facility.

Quality assurance activities in education may include approved curriculum, develop-

ment of explicit learning outcomes, regular evaluation of providers and recorded feedback,

records of the monitoring of progress and achievements of students, and records of staff

meetings. Suryadarma and Rogers (2006) use recent staff meetings as an indicator of qual-

ity of schools and find evidence that schools that had recent staff meetings had higher scores

on both math and dictation tests for fourth grade students.
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Maintaining the physical condition of the facility, for instance whether sharps have been

put back into sharps containers and if surfaces are clean are imperative to the usefulness of

the facility to improve the health of patients. Cleanliness of the facility is one of the indi-

cators used by Bjorkman and Svensson (2009) to represent quality of healthcare provision.

It is also used in Basinga et al. (2010) as a measure of quality of healthcare centers.

In the healthcare sector, provider performance has been measured by direct observa-

tion of providers and vignettes, where the interviewer acts as a patient and provides a very

brief description of symptoms and the provider is evaluated based off of their response.

Das and Hammer (2005) and Leonard and Masatu (2010) use vignettes to measure health-

care provider performance. Das and Hammer (2005) find that, among the top 20% of

providers, there was still a more than 50% chance that providers would harm patients with

their lack of knowledge in the case of viral diarrhea and an over 25% chance for patients

with preeclampsia. Direct observations can also be used of providers observations with

patients. Bjorkman and Svensson (2009), Peabody, Gertler and Leibowitz (1998), and

Gage and Zomahoun (2012) use direct observations of healthcare providers. Bjorkman and

Svensson (2009) use the quality of information provided to patients, the appropriate use

of equipment, and the appropriate provision of supplements and vaccines for children to

represent the quality of healthcare provision. Peabody, Gertler and Leibowitz (1998) use

a measure of the completeness of clinical examinations as a measure of quality and find

that women who had access to facilities that did a more complete clinical examination,

had infants who weighed, on average, 128 g more than infants born in areas with lower

quality facilities. Gage and Zomahoun (2012) use the quality of provider-client interaction

in family planning in the LGA as another measure of quality and found it was positively

associated with current use of a modern method of contraception as well as the odds of

currently using a modern method for men and women.

Provider performance in the education sector can be measured by teachers adherence to

protocols, such as whether the teacher is actually teaching when in school. Chaudhury et al.
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(2006) find that though one-quarter of government primary school teachers were absent

from school, only half of the teachers present were actually teaching when enumerators

arrived at the schools.

Provider education is commonly used as a measure of provider quality. Hong, Mon-

tana and Mishra (2006) use both education levels and availability of training to construct

an index of the quality of family planning services at the facility level and analyzed the

relationship between the index and family planning outcome variables. Existence of train-

ing for providers to keep up with medical knowledge is important for the upkeep of the

education providers have. Gage and Zomahoun (2012) use health worker training in family

planning services as an indicator of quality and find it had a positive association with the

odds of both lifetime use and current use of a modern method.

The education level of providers of education is a typical measure of teacher quality

measured by reported teachers education completion as well as certification. It has been

used in almost every paper discussing the quality of teachers. A sample of this research is

Suryadarma and Rogers (2006), Das et al. (2005), and Kremer et al. (2005). It can also be

measured by teachers scores on basic exams.

Provider absenteeism is a key indicator that has been used to measure the delivery of

services by numerous researchers. Chaudhury et al. (2006) look at healthcare and education

providers absence across the countries and find high amounts of absenteeism. Bjorkman

and Svensson (2009) use healthcare provider absence as an indicator of quality of health-

care provision. Suryadarma and Rogers (2006) find evidence that teacher absenteeism has

a significant negative effect on math test scores for fourth grade students. Kremer et al.

(2005) finds that teacher absence is negatively associated with student attendance, as well

as test scores for grade 4 children. Noting that it is likely that these results are underesti-

mated due to measurement error of teacher absence and drop outs that may occur in schools

with poorer quality teachers. Chaudhury et al. (2004) finds that teacher absence predicts
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lower scores in english, but not math in Bangladesh. Das et al. (2005) find a significant

negative impact of teacher absence on english and math scores using panel data in Zambia.

One must be careful about using patients satisfaction ratings, as Aldana, Piechulek and

Al-Sabir (2001) find that patient satisfaction ratings may not reflect quality, and that patient

satisfaction ratings may have more to do with the cultural background of people than actual

quality.

Survey data that has been collected to capture this data is usually measured using fa-

cility level surveys. This can be see in DHS’s SPA survey and in some LSMS surveys that

have facility level data. There are usually provider surveys included in the facility level

surveys as well as patient surveys. Another option, if data was available, would be to use

patient level surveys of the indicators. Patients could answer questions about whether in-

frastructure was being maintained, whether providers were available on a given date, and

corruption practices of providers. In some way this gets closer to Sen’s theory of develop-

ment as expanding the capabilities of individuals.

Though some of these indicators are causal, such that if provider are uneducated, they

are likely to provide worse services, some are complements while others are substitutes,

such as medication supplies and providers, this is not the direct concern of this measure.

The measure specifically looks at indicators that are important for service delivery.

An increasing concern in the formation of indices is whether an indicator is necessary

if the correlation between itself and another indicator is strong. Though this is a valid

concern, it has been discredited in the poverty realm by economists such as Amartya Sen

and Angus Deaton:

“Indeed, precisely because income deprivations and capability deprivations often have

considerable correlational linkages, it is important to avoid being mesmerized into thinking

that taking note of the former would somehow tell us enough about the latter. The connec-

tions are not that tight, and the departures are often much more important from a policy

point of view than the limited concurrence of the two sets of variables.” (Sen (1999), 20)
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This also holds for healthcare delivery, as some of these indicators are likely to be cor-

related with one another, but each indicator is required to define overall healthcare delivery

within a country, and it is likely that the relationship between any two indicators is not

constant across countries or even within countries.

2.4.2: Properties that a measure of underperforming service delivery should satisfy

The aggregation approach used to aggregate the indicators above will fully determine the

properties of the index. For instance, using an aggregation approach such as is used in

Bold et al. (2010) would imply that the measure will not take into account the breadth of

inadequacies at the facility, it will require cardinal data, and it will not focus on under-

performance. In deciding on the aggregation approach it is important to determine which

properties one would like the index to satisfy.

To measure the underperformance of service delivery, the aggregation approach should

imply that the index has a focus on underperformance and those dimensions/indicators

facilities are inadequate in. This is in accordance with our theoretical base using Sen’s

theory of development and Foster and Handy (2008a)’s definition of external capabilities

that each facility is considered to give potential patients in the area additional capabilities or

freedoms. If development is considered the expansion of peoples freedoms, then to increase

development we should focus on those individuals that are being deprived of capabilities.

Dimensional monotonicity should be satisfied, such that if a underperforming facility

becomes inadequate in another indicator or dimension then the index should increase in

value and therefore represent worse delivery of services. This property implies that the

breadth of capabilities that people are deprived of by facilities matters. A facility where

providers don’t show up and supplies are unavailable is worse than a facility that only has

providers that are absent. It also states that a facility with multiple inadequacies has a more

negative impact on individuals than numerous facilities with only one inadequacy.

It should also satisfy subgroup decomposability, such that if service delivery improves

in one group and is unchanged in all other groups, service delivery will necessarily improve
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for both groups in total. It should be decomposable by dimension and indicator so that

policy can identify those dimensions and indicators that are making the largest contribution

to the poor delivery of services. It should also allow for ordinal variables as many indicators

of service delivery are likely to be ordinal and not cardinal.

All of these qualities are compatible with the Alkire and Foster (2011) aggregation

approach used for poverty measurement. The next section adapts this methodology to the

calculation of service delivery at the facility level to calculate the SDUI.

Note that a framework of simply regressing the indicators of healthcare delivery on

health outcomes does not satisfy the above properties. Though a regression approach is

useful in explaining and predicting health outcomes, this index is attempting to measure the

poor delivery of services so that governments are aware of what is going on in a country.

Solely by measuring the poor delivery of services, the hope is to draw attention and keep

the state accountable to its people.

Note that there are also many outcome variables that are impacted by healthcare de-

livery, such as productivity, perceived well-being, under-5 mortality, life expectancy, and

many others. This makes it very difficult to use a regression framework to create a measure

of the quality of healthcare services. One would potentially have to create a health index

to regress indicators of healthcare delivery on. This is the approach taken by the World

Health Organization (2000) in the health sector. However it is likely that each indicator of

service delivery will impact each health outcome differently, which would not be taken into

account using this approach.

2.4.3: Computation of the Index

To aggregate these indicators into an index, the Alkire and Foster (2011) methodology is

used. First, the indicators chosen must be measured and applied to the facility level.For

the purpose of this index, the facility will be the level at which each of the indicators will

be represented. This is because, as mentioned above, facilities are considered to be giving

individuals external capabilities. We are concerned with those individuals who are deprived
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of these capabilities. However, the indicators above are not only measured at the facility

level. Any indicator that is not measured at the facility level needs to be transformed to a

facility level indicator.

Financial accountability of the state to the sector is measured at the state level. De-

pending on the financial structure of the sector, this could mean that each facility within the

state receives the same value for this indicator. This would be the case where all facilities

rely on financing from the government. However, if private facilities are not reliant upon

the government for financing, or only receive a small portion of funding from financing,

then the indicator could be evaluated separately for public and private facilities. Though

measuring an indicator for the facility at the state level conveys less about differences in

service delivery within a country then indicators measured at the facility and provider level,

it gives us critical information on differences in service delivery across countries. A simi-

lar approach is taken for poverty analyses using the MPI. Village level variables reflecting

infrastructure, such as the availability of roads to individuals, have been discussed in the

MPI.

Supervision and monitoring of financing and resources, adherence to quality assurance

activities and maintaining the physical condition of the facility are measured at the facility

level. Provider performance, absenteeism, education and training, and corruption of the

provider are all measured at the provider level. The provider level indicators are then

aggregated to the facility level. For instance, taking the share of providers with adequate

performance or the share of providers without the basic education requirements being met.

Patient satisfaction ratings are measured at the patient level and then must be aggregated to

the facility level, again using using share of patients who are satisfied.

These indicators will then be represented in a matrix of facilities achievements. Us-

ing similar notation as Alkire and Santos (2011), let y = [y
i

j] denote the nxd matrix of

achievements for facility i in dimension j, where each value within the matrix (y
i

j) repre-
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sents an achievement y for facility i in dimension j and each row of the matrix represents

the achievements of a facility i in all of the dimensions.

Next, a weighting scheme must be chosen for the dimensions such that each dimen-

sions receives a weight w
j

such that all weights sum up to the number of dimensions

(
P

d

j=1

(w
j

) = d).

Now we must identify those facilities that are underperforming (i.e. those facilities that

have multiple inadequacies), as these are the facilities we want the index to capture and

monitor. First, an adequacy threshold must be chosen for each dimension, call this z
j

. z
j

is

chosen such that if the value of the dimension for a facility y
i

j falls below the threshold z
j

,

a facility is considered inadequate in this dimension. Achievements of each facility in each

of the dimensions are evaluated according to the threshold, and a matrix of inadequacies

(g = [g
i

j])is generated replacing each element of y (y
i

j) with a value of 0 if y
i

j < z
j

and

1 if 0 if y
i

j >= z
j

.

From the matrix g a matrix of inadequacy counts (i.e. the weighted number of inade-

quacies a facility experiences) is calculated by calculating a weighted summation of each of

the rows in matrix g. In mathematical notation, vector c = [c
i

] where c
i

=
P

d

j=1

(w
j

xg
i

j)

and c is therefore a nx1 vector representing the weighted number of inadequacies each

facility experiences.

To identify facilities that are underperforming, a underperformance threshold K must

be chosen to represent the weighted number of dimensions a facility must be inadequate in

to be considered underperforming. Generate a vector ⇢ that replaces each value in vector

c in the following way. Let ⇢
i

= 0 if c
i

< K and let ⇢
i

= 1 if c
i

>= K. This vector ⇢

identifies which facilities are classified as underperforming.

Construct a second matrix g(K) called the censored inadequacy matrix that sets all

values of g to 0 when a facility is not classified as underperforming. In mathematical terms

g
i

j(K) = 0 if ⇢
i

= 0 else g
i

j(k) = g
i

j. From the censored inadequacy matrix a censored
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inadequacy counts vector can be calculated as simply the sum of each of the rows of g(K)

or c(K) = [c(K)
i

] where c(K)
i

=
P

d

j=1

(w
j

xg(K)
i

j).

There are numerous ways to calculate the the SDUI from this information. First, one

can simply calculate the average of the censored inadequacy matrix g(K), meaning that

SDUI = µ(g(K)) = (1/n)(1/D)
P

n

i=1

P
d

j=1

(g(K)
i

j). This is the same as simply mul-

tiplying the share of facilities classified as underperforming by the average share of inade-

quacies that underperforming facilities experience. The share of facilities that are classified

as underperforming can simply be calculated as the average of the vector ⇢. This is called

the facility count ratio, or FCR. The average share of inadequacies that a underperform-

ing facility experiences is calculated by simply dividing each entry of vector c(K) by the

number of dimensions, d, and taking the average of the vector for all facilities classified as

underperforming. In mathematical terms A = (1/d)(1/q)
P

n

i=1

(c(K)
i

j). It is clear from

this approach that the SDUI takes into account not only the incidence of underperforming

facilities, but also the intensity of inadequacies within underperforming facilities.

2.5: Properties of the SDUI

The Alkire and Foster (2011) methodology satisfies numerous properties that the authors

show to be important for poverty measurement. These same properties will hold for the

SDUI. In a similar fashion as Alkire and Foster (2011), assume there are two subgroups (x

and y) of the population of facilities where there are n(x) number of facilities of subgroup

x and n(y) number of facilities of subgroup y. One could assume there are two types of

facilities (x and y).

Subgroup decomposability of the SDUI implies that not only can the index be decom-

posed to find the SDUI for any grouping, but also this grouping when weighted by its

population share can be added to yield the original SDUI. This can be seen below:

SDUI(x, y) = SDUI(x) ⇤ n(x)/n(x, y) + SDUI(y) ⇤ n(y)/n(x, y)

This implies that if service delivery improves in one subgroup and is unchanged in all

other subgroups, service delivery will necessarily improve for the whole country. In this
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way it is able to address inequalities across regions, countries, managerial types, and facility

types in order to target those individuals with the smallest capability sets and therefore those

areas with the least development.

Decomposability of the SDUI by each dimension and indicator implies that one can

determine the contribution of each of the indicators and dimensions to the SDUI. For the

jth dimension of the SDUI this can be written as follows:

Contr
j

= (1/d)(1/n)(1/SDUI)
P

n

i=1

g(K)
.

i

Where g(K)
.

i is simply the jth column vector of the censored inadequacy matrix g(K).

This is necessary for policy where many of the indicators of service delivery can be manip-

ulated by policymakers to make improvements to the delivery of services.

As mentioned in the theory section of this chapter, the breadth of the capabilities that

people are not receiving matters. A facility where providers don’t show up and supplies

are unavailable is worse than when one facility only has providers that don’t show up and

another only has supplies that are unavailable. Evidence of this can be seen in the results of

McPake et al. (1999) where it was found that health facilities that had multiple inadequa-

cies in service delivery demonstrated a distinct pattern of low utilization rates in Uganda.

Therefore implying that the people themselves realize that multiply inadequate facilities are

more harmful. It is also clear that this will not only have an impact on utilization, but also

on health outcomes both indirectly through low utilization rates and directly. The literature

review lists a sample of the many papers that have documented the negative relationship

between these indicators and outcome variables resulting from service delivery.

The SDUI takes into account this breadth of capabilities through the property of dimen-

sional monotonicity such that if a facility becomes inadequate in an additional dimension,

then the index will increase in value, reflecting a higher amount of underperformance. This

is satisfied through A.

As mentioned in the theory section of this chapter, we want our measure to focus on

underperformance, as people who are not receiving multiple capabilities are being deprived
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of more freedoms. The SDUI has a focus on underperformance such that if any changes

in the delivery of services by facilities not deemed underperforming has no impact on the

index. This is a valid property assuming that governments will want to focus solely on

those facilities that are underperforming, or multiply inadequate. In the same argument,

the SDUI has a focus on only those dimensions that facilities are inadequate in. Such that

if an underperforming facility improves in a dimension that is not inadequate, the index

remains the same. We care about the capabilities people are deprived of that are provided

by the facility.

The SDUI will also reflect inequality amongst the underperforming facilities. Imagine

two groups A and B whereby B is simply the average of the indicators amongst underper-

forming facilities of A. Then B will necessarily have a lower SDUI than A reflecting a better

delivery of services. This is very important for a measure of service delivery, as we do not

want some individuals to have a large number of capabilities that they are deprived of. This

also implies that one cannot simply improve the measure by taking the best providers from

the worst performing facilities and moving them to facilities that are just classified as un-

derperforming and improve the service delivery, as this is not an improvement of service

delivery. Those individuals served by original facility are even more deprived then before.

The SDUI is easily understood. This is extremely important in a measure of service

delivery so that it can be applied easily by countries. First, the Alkire and Foster (2011)

methodology is a relatively simple counting methodology. Second, the methodology has

been adapted in numerous countries at this point to measure poverty and therefore it will

be easy for policymakers to adapt the same technology for the measurement of service

delivery.

It allows for ordinal variables. However, if cardinal data is available, then the SDUI

satisfies the property of monotonicity, such that if a facility becomes worse in any of its

inadequate dimensions, then the index will necessarily increase in value, reflecting a higher
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amount of underperformance. Note however that it is unlikely that cardinal data will be

available for all dimensions.

The SDUI satisfies replication invariance and therefore the index can be compared

across different population sizes. The SDUI will necessarily fall between the value of 0

and 1 (called normalization property). It also satisfies symmetry such that each facility

receives the same emphasis. Symmetry is an important property in poverty measurement,

the idea being that each person is valuable and should be valued the same. However, there

is an argument that in measuring service delivery, maybe some facilities if serving a larger

portion of the population should receive a higher weight. This can be taken into account by

adding weights to each facility based off of their population share.

2.6: Choosing Weights

Weights in the Alkire and Foster (2011) framework can be assigned on dimensions, in-

dicators within dimensions, and on facilities themselves. In the poverty realm, it is clear

that each person should receive the same weight as we care about all human beings. In

this same argument, if we care about all people the same then we should potentially give a

higher weight to facilities that serve a larger number of people.

When setting weights on indicators and dimensions we must realize that these are not

weights in the usual sense that a composite indicator employs them, instead here each

indicator has been dichotomized to a 0,1 variable demonstrating whether the facility is in-

adequate in the respective indicator. When the facility is inadequate in the indicator, it is

this number that represents the relative value of that inadequacy relative to the value in an-

other indicator. Since the terminology weights has become common, the same terminology

is used here.

Also when setting weights we must go back to the theoretical base above. We are

measuring the capabilities that people are being deprived of by facilities. Therefore, similar

to the discussion of weights by Alkire and Santos (2011), weights on deprivations are a

political decision. Alkire and Santos (2011) can use norms used in other research such as
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the MDGs and HDI, there are no such norms for service delivery, For this reason in my

own applications in chapters 3 and 4 of this dissertation I will start with an assumption of

equal weights on dimensions and equal weights on indicators within dimensions, and then

run robustness checks.

The argument that one can simply run regressions of the service delivery indicators

on outcome measures to determine weights is not valid. First of all, because there are

numerous outcome variables that will be impacted by the delivery of healthcare and ed-

ucation services, including mortality rates, life expectancy rates, productivity, well being,

and many more. Running regressions using each of these dependent variables will give

many different weights. Second, the weights in the Alkire and Foster (2011) framework

are normative and each weight reflects the relative value of that inadequacy relative to the

value in another indicator when a facility is underperforming. This cannot be reflected in a

simple regression framework.

2.7: Choosing Underperformance Threshold K

The underperformance cutoff K is the sum of weighted indicators in which a facility must

be classified as inadequate in order to be considered underperforming. Therefore, as the un-

derperformance cutoff increases the classification becomes stricter and therefore the num-

ber of facilities considered underperforming will fall while the intensity or breadth of the

inadequacies experienced by these underperforming facilities will increase. In accordance

with the work on the MPI in Alkire and Santos (2011), K is a policy variable that dictates

how many multiple inadequacies a facility must have to be classified as underperforming.

When a political decision has not been made on the value of K, one can assume a plausible

value for K and then run robustness checks.

2.8: Statistical Significance and Robustness Analysis

To test statistical significance of rankings, one can simply run the usual t-test for each of

the rankings of interest. To test the robustness of the results to a change in the underper-

formance cutoff (K), one can check the ordering implied by the index for plausible values.
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Dominance of the resulting ordering is implied by a lower value of the index for all val-

ues of K (Foster and Shorrocks (1988)). However this can be a strict requirement and if a

comparison is being made across more than 2 groups then another test of robustness may

be needed.

To test the robustness of the underperformance cutoff (K), weights, and adequacy cut-

offs (z
j

) one can compare robustness of rankings to different specifications by computing

rank correlation coefficients using Spearman’s Rho, Kendall’s Tau, and Pearson. Pearson’s

rank correlation coefficient simply calculates the percentage of pair-wise comparisons that

are robust when different specifications are used. Kendall’s Tau compares each pair within

the group to determine if the ranking of the pair is concordant (implying that the ranking

is the same as the original ranking) or discordant (implying that the ranking does not hold

under the new specification). Kendall Tau’s rank correlation coefficient is then simply the

number of concordant pairwise ranks (C) minus the number of discordant pairwise ranks

(D) divided by the total number of concordant pairwise ranks (⌧ = (C � D)/(C + D)).

Spearman’s rank correlation is computed by ranking all groups under the original and new

specification and for each country calculating the difference in the two ranks (r
i

) for each

group i. Then Spearman’s Rho is simply ⇢ = 1� (1/n(n2 � 1))6
P

n

i=1

r2
i

.

2.9: Conclusion

This chapter defined a new methodology for measuring the underperformance of service

delivery. The SDUI measures the underperformance, or multiple inadequacies, in service

delivery. Though there has been much work that has discussed how inadequacies in ser-

vice delivery impact outcomes, such as health and education, no work has been done on

measurement of poor performance in the delivery of services. The measurement of the

poor performance of service delivery can lead to identification of problems in the delivery

of education services and draw attention to them. The SDUI adapts the Alkire and Foster

(2011) methodology used for poverty measurement to service delivery.
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Alkire and Foster (2011) methodology allows the index to satisfy numerous proper-

ties. It concentrates on underperformance and those dimensions facilities are inadequate

in as. Using Sen’s theory of development and Foster and Handy (2008a)’s definition of

external capabilities, each facility is considered to give potential patients in the area ad-

ditional capabilities or freedoms. Because development is considered the expansion of

peoples freedoms, then we should focus on those individuals with multiple deprivations of

freedoms.

It takes into account the breadth of inadequacies that a facility satisfies through the

property of dimensional monotonicity. If a underperforming facility becomes inadequate

in another indicator or dimension then the index increases in value, implying worse delivery

of services. A facility where providers don’t show up and supplies are unavailable is worse

than a facility that only has providers that are absent. It also states that a facility with

multiple inadequacies has a more negative impact on individuals than numerous facilities

with only one inadequacy.

It is decomposable by subgroup, such that if service delivery improves in one group and

is unchanged in all other groups, service delivery will necessarily improve for both groups

in total. It is also decomposable by dimension and indicator so that policy can identify those

dimensions and indicators that are making the largest contribution to the poor delivery of

services. It also allows for the use of ordinal variables.

This chapter discussed indicators that have been used in previous research to reflect

the underperformance of service delivery in the health and education sector are discussed

and categorized into three core dimensions: the ineffective use of resources/financing, the

ineffective use of infrastructure, and the ineffective use of labor. It is shown how the Alkire

and Foster (2011) methodology is applied to calculate the SDUI using facilities as the unit

of analysis as well as the properties that the resulting SDUI satisfies. An in-depth expla-

nation is given on how to apply adequacy cutoffs (the threshold below which a facility is

considered inadequate in an indicator of service delivery) and the underperformance cutoff
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(the number of inadequacies required to classify a facility as underperforming in service

delivery) to a data matrix of inadequacies for all facilities and calculate the SDUI. No dis-

cussion is given as to how to choose each of the cutoffs as this is left for the application of

the SDUI in chapters 2 and 3.

Lastly, the use of statistical significance tests to determine the statistical significance of

the rankings determined by the SDUI and how the literature has looked at robustness of

results to changes in the thresholds and weights chosen is discussed.

31



Chapter 3: Service Delivery Underperformance Index for Healthcare:
A Multidimensional Approach to Measuring the

Inadequacies in Healthcare Provision

3.1: Introduction

This chapter uses the SDUI that was introduced in Chapter 2 to analyze the underper-

formance healthcare delivery using data from Demographic and Health Surveys Service

Provision Assessment survey. By applying the index, this chapter will demonstrate how

the SDUI can be used with a data source and how the delivery of services can be compared

across countries.

Though there has been much work that has discussed indicators of inadequate health-

care delivery and how these inadequacies impact health outcomes, no work has been done

on creating a single measure of poor performance in healthcare delivery. The measurement

of the poor performance of service delivery can lead to identification of problems in the de-

livery of education services and draw attention to them. Focusing on underperformance is

also important from a theoretical perspective (as discussed in chapter 2 of this dissertation).

Facilities are providing capabilities to individuals in the community that they serve, while

underperforming facilities are depriving individuals of those capabilities. For the purpose

of development, we should focus on people that are multiply deprived.

The SDUI adapts the Alkire and Foster (2011) methodology used for poverty mea-

surement to service delivery, which allows it to satisfy numerous properties. It focuses on

underperforming facilities, takes into account the breadth of inadequacies experienced by

facilities, allows for ordinal variables, and is decomposable by the multiple dimensions and

indicators of underperforming healthcare delivery.

In this chapter, first the SDUI is calculated using DHS:SPA survey data for Rwanda,

Uganda, and Tanzania. This allows for a cross-country comparison of underperforming

healthcare delivery to be made. It is found that Rwanda has the best delivery of healthcare
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services, despite being ranked below Uganda and Tanzania for some health variables. This

result is statistically significant at the 1% level and is robust to a change in the underperfor-

mance threshold, adequacy thresholds, and weights. Though a cross country comparison

does not aid countries in terms of policy, the measurement of the underperformance of

healthcare delivery will draw attention to those countries that are not providing adequate

delivery of healthcare services to people so that healthcare delivery can be improved.

Second, the SDUI is decomposed for Rwanda. This allows for a within-country anal-

ysis of underperforming healthcare delivery to be done. Rwanda’s SDUI is decomposed

by the type of facility, governing authority of facilities, and province where facilities are

located. It is found that health posts, dispensaries, and clinics are the worst at delivering

healthcare services, while hospitals are the best. This result is statistically significant and

is robust to a change in the underperformance threshold, adequacy thresholds, and weights.

The rankings by governing authority and province are not robust. However, regressions are

run to determine what are the determinants of the index, i.e. what characteristics are signif-

icantly correlated with the index, and it is found that the provinces of Enga and Kigali City

have a significant negative relation to the number of inadequacies experienced by facilities

as well as whether a facility is classified as underperforming.

Lastly, the SDUI is used to compare healthcare delivery for facilities that did and did not

participate in three policies that have been used in many countries to improve the delivery

of healthcare services. This is done not to show that the policy had an impact on healthcare

delivery or causation in any way. It is found that for community involvement, there is better

healthcare delivery for facilities that implement the policy. This result is robust to changes

in the underperformance cutoff, adequacy cutoffs, and weights. Hopefully these results will

act as an incentive for future research to use the SDUI for the purpose of impact evaluation

on healthcare delivery.

The layout of the rest of this chapter is as follows. Section 2.2 gives a literature review

for healthcare. Section 2.3 summarizes the Demographic and Health Surveys: Service Pro-
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vision Assessment data used in the application of the index. Section 2.4 describes how

the data is used to calculate the SDUI for healthcare. Section 2.5 presents the results of

the cross-country analysis using the SDUI for Rwanda, Uganda, and Tanzania. Section 2.6

presents the results for the within-country analysis of Rwanda’s healthcare delivery. Sec-

tion 2.7 compares healthcare delivery for facilities that did and did not participate in three

policies intended to improve the delivery of healthcare services. Section 2.8 concludes.

3.2: Literature Review

The quality of healthcare has been measured in numerous ways. The OECD Health Care

Quality Indicators Project uses indicators of mortality and screening rates for specific ill-

nesses to compare the quality of healthcare across countries. Some measure of the quality

of healthcare depend on the purpose of the measure. For instance, Bruce (1990) measures

the quality of care for family planning. Nicolucci, Greenfield and Mattke (2006) measures

the quality of care for diabetes.

Many measures of healthcare quality can be found in research where a measure or nu-

merous indicators of quality are used to determine the impact of quality on the dependent

variable of interest. Hong, Montana and Mishra (2006) using the 2003 Egypt Interim De-

mographic and Health Survey construct an index of the quality of family planning services

at the facility level made up of the availability of supplies used in family planning visits

(such as spotlights and speculums) as well as indicators of healthcare delivery indicators

such as training availability, supervision of providers, and updating of family planning reg-

isters. Authors find that IUD use among women was significantly positively associated

with quality of family planning services, independent of characteristics of the facility and

women surveyed. This held for women that received their IUD from a public facility, but

not from a private facility.

Peabody, Gertler and Leibowitz (1998) use data from a national sample of randomly

selected households and a concurrent facility survey of the public health clinics in Jamaica

to analyze the relationship between infant birth weight and inputs and indicators of quality
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of healthcare and healthcare delivery (taking into account characteristics of facilities and

mothers). They find that women who had access to facilities that did a more complete

clinical examination, had infants who weighed, on average, 128 g more than infants born

in areas with lower quality facilities.

Gage and Zomahoun (2012) use data from health facility and household surveys in five

states in Nigeria to examine the association of family planning service delivery and contra-

ceptive outcomes. They use a multilevel logit model and find that there is a strong positive

association of the knowledge of contraceptive methods and the use of quality assurance

systems by family planning health facilities in the local government area (LGA). Health

worker training in family planning services had a positive association with the odds of both

lifetime use and current use of a modern method. The quality of provider-client interac-

tion in family planning in the LGA was positively associated with current use of a modern

method of contraception as well as the odds of currently using a modern method for men

and women.

Healthcare delivery indicators have also been used to analyze the impact that policies

such as community involvement and pay for performance have on health. Bjorkman and

Svensson (2009) analyze a project that introduced community involvement in Nigeria and

found that the introduction of community involvement resulted in a decrease in absen-

teeism, increase in the correct use of equipment, he appropriate provision of supplements

and vaccines for children, improvement in quality of information provided to patients, and

improvement in cleanliness of facilities.

Basinga et al. (2010) evaluates the introduction of pay for performance for centers in

Rwanda and finds that pay for performance has a significant impact on the share of clinical

content items from first prenatal visits as well as a significant impact on utilization of

maternal and child services.

There are also numerous papers that have discussed the specific indicators of health-

care delivery. Some of these include Banerjee, Deaton and Duflo (2004), Chaudhury et al.

35



(2004), Chaudhury et al. (2006), and Das et al. (2005) which analyze absenteeism. Linde-

low, Reinikka and Svensson (2003) and Leonard and Masatu (2010) which look at provider

performance. Gauthier and Wane (2009) look at the impact of leakages of the budgeted

funds for facilities in explaining the relationship between healthcare expenditure and uti-

lization of services.

Note that measures of quality vary depending on the indicators used. Some include

measures of basic inputs available and utilization rates of services. This paper focuses on

those indicators of quality that reflect the poor performance, or underperformance, of the

delivery of services. For instance, as indicators of quality of healthcare Hong, Montana

and Mishra (2006) include the supervision of healthcare providers and updating of family

planning registers to construct an index of the quality of family planning services at the

facility level. Bjorkman and Svensson (2009) use cleanliness of the facility as an indicator

of the quality of healthcare provision when analyzing the impact of increasing community

involvement on the quality of healthcare.

Measures that specifically focus on the delivery of healthcare, not on quality of health-

care overall, are relatively new. Lewis and Pettersson (2009b) compiles a list of indicators

of healthcare delivery and proposes a “dashboard” or “menu” approach. In this approach,

the interested party chooses the indicators they would like to use (or those where data is

available) and measures each from potentially separate data sets to come up with a series

of numbers which determine the overall performance of service delivery

Bold et al. (2010) proposes a set of indicators of healthcare delivery including the

amount of qualified health personnel, equipment, and infrastructure, medical personnel

effort and knowledge, and budget leakages that can be used to measure healthcare delivery.

The authors then suggest that these indicators could be aggregated by normalizing each to

a number between 0 and 1, take the arithmetic mean of each indicator, and then take the

arithmetic mean of all of the indicators. This is similar to the aggregation approach used in

the construction of the Human Development Index (HDI).
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These measures differ from the SDUI as they do not focus on underperformance. The

theoretical argument from chapter 2 shows that according to Sen’s theory of development

from Sen (1999) and Foster and Handy (2008a)’s definition of external capabilities, each

facility is considered to give the surrounding population additional capabilities or freedoms

through its adequate provision of service delivery. The poor delivery of services then de-

prives individuals of capabilities. If development is the expansion of peoples capabilities,

then we should focus on those facilities that deprive people of multiple capabilities.

Bold et al. (2010) requires that indicators all be cardinal. However, many indicators

of healthcare delivery, such as the performance of doctors, are not cardinal. Surveys of

healthcare delivery that collect cardinal data are also very expensive and suffer from high

rates of non-response. Lewis and Pettersson (2009b) does not aggregate indicators, which

may lead to difficulties in making comparisons of the delivery of services across different

groups and over time.

3.3: Data

Data on the delivery of healthcare services has recently become available from the Demo-

graphic and Health Surveys: Service Provision Assessment (DHS: SPA). The DHS: SPA

is a nationally representative, facility based survey that uses facility questionnaires to man-

agement, healthcare providers, and patients, as well as observations of healthcare providers

in their interactions with patients, in order to “obtain information on the capacity of facili-

ties to provide quality services and the existence of functioning systems to support quality

services.” (National Institute of Statistics Rwanda, Ministry of Health Rwanda, and Macro

International Inc. (2008), xxvii) The DHS: SPA has been implemented across ten coun-

tries: Kenya(1999 and 2004), Rwanda(2001 and 2007), Uganda(2007), Bangladesh(1999),

Egypt(2002 and 2004), Tanzania (2006), Mexico (2000), Ghana(2002), Guyana (2004),

and Guatemala (1997). The application below uses Rwanda (2007), Uganda (2007), and

Tanzania (2006) because significant disparities exist across the DHS:SPA in different coun-
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tries and these three surveys have the most consistency in questions asked yielding the

largest number of indicators for calculation of the SDUI.

The Rwanda Services Provision Assessment was conducted in 538 health facilities,

covering all public facilities and 61% of private facilities with three or more staff.12 The

Uganda Services Provision Assessment surveyed 490 health facilities, covering approx-

imately 16% of facilities.3 The Tanzania Services Provision Assessment surveyed 611

health facilities, covering approximately 10% of facilities in the mainland and 36% of fa-

cilities in Zanzibar.4

To calculate the SDUI for healthcare using the DHS:SPA data, the same core dimen-

sions of healthcare delivery from chapter 2 of this dissertation are used. These are the

effective use of: 1. Resources and Financing, 2. Infrastructure, and 3. Providers. Indi-

cators used to reflect these dimensions are based off of data availability in the survey and

are listed in Table 3.1 below along with adequacy thresholds and weights for each indica-

tor. There are 4 indicators for Infrastructure as well as Providers and 3 for Resources and

Financing. There is also a summary of why each indicator and adequacy threshold was

chosen below the table.

All of the indicators above have been used in previous research to represent healthcare

delivery. They were also agreed upon by the governments in the respective countries during

the DHS:SPA survey implying that they are of national importance and have reason to be

included. In many cases the adequacy cutoff was stipulated within the DHS:SPA survey

material. Wherever this was not the case, robustness tests were done changing the adequacy

cutoff chosen in Appendix A.
1Public facilities include government and government assisted facilities, approximately 74% of total facil-

ities in Rwanda (National Institute of Statistics Rwanda, Ministry of Health Rwanda, and Macro International
Inc. (2008))

24 facilities were omitted because no provider data was given, resulting in a sample of 40 hospitals, 389
health centers and polyclinics, and 105 health posts, dispensaries, and clinics.

35 facilities were omitted for missing healthcare provider data, resulting in a weighted sample of 19
hospitals, 283 health center ii’s, 154 health center iii’s, and 27 health center iv’s.

4Resulting in a weighted sample of 25 hospitals, 55 health centers, and 522 dispensaries.
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Table 3.1: Indicators and Sub-Indicators of the SDUI for Healthcare
Dimension Indicator Adequate if: Weights

Financing and Re-
sources:

Percentage of the na-
tional budget designated
for healthcare

Government designates
at least 8% of the na-
tional budget to health-
care sector

1/3

Stock card is used to
record receipt and use of
medicine

Stock card observed 1/3

Frequency with which
supplies ordered are re-
ceived

Always received 1/3

Infrastructure: Quality assurance activi-
ties

Evidence of any quality
assurance activities

1/4

Frequency of managerial
meetings

Record of meetings held
at least every 6 months.

1/4

Cleanliness of the facil-
ity

No areas of the facility
were unclean

1/4

Infrastructure of the fa-
cility

No areas of the facility
were damaged

1/4

Providers: Vignette on safety proce-
dures for needlestick in-
jury

Correctly answered
safety procedures

1/4

Education level of
provider

All providers have at
least basic training

1/4

Availability of training
classes

More than half of listed
classes are available

1/4

User fees posted User fees clearly posted 1/4
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The state is accountable to its people for efficiently financing the health sector. Part

of the adequate financing of the health sector is ensuring that a large enough portion of

the budget is being dedicated to the health sector. The WHO has set a suggested national

budget share of 8% minimum. While this does not fully capture the efficiency with which

the sector is financed, as could be done if Public Expenditure and Financial Accountabil-

ity indicators (which assesses whether a country has the tools to deliver fiscal discipline,

strategic resource allocation, and the efficient use of resources for service delivery) were

applied to the health sector, it does proxy for the value the country places on healthcare.

Supervision and monitoring of financing and resources is necessary for an adequately

functioning health sector. This includes monitoring finances intended to reach healthcare

facilities to ensure that there is no funds lost to capture, as well as the monitoring of sup-

plies (including medicine) that has been dedicated to the facility. Though there is no data

available on the monitoring of finances, there is two variables that reflect the monitoring of

resources. The DHS:SPA asks for the frequency with which supplies ordered are received.

The response is given as the following: the facility received the amount of supplies ordered

always, always but not often, or almost never over the past 6 months. The adequacy cutoff

was not stipulated by the DHS, so it is set at always, such that if a facility received an order

not always but often, or almost never the facility it is deemed inadequate in this indicator.

As a robustness check for this cutoff, the SDUI is recalculated changing the adequacy cut-

off to not always but often, such that a facility is deemed inadequate only if medicine is

almost never received in Appendix A. The rankings remain robust.

The second variable reflecting supply leakages is the use of a stock card by a facility

to record the receipt and use of medicine. This is very important as it is necessary that

once medicine is received that it is actually used for patients and not on ghost patients. The

leakage of drug supplies (including the presence of ghost patients) and mismanagement of

revenues has been found to have a negative impact on healthcare utilization, as presented
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in McPake et al. (1999). There is a clear cutoff for this variable as the stock card is either

observed, or not.

Quality assurance activities are used to maintain the quality of healthcare in facilities.

Quality assurance activities may include supervisory check lists of equipment, medications,

healthcare providers (such as observation checklists), supervision of healthcare providers,

updating of records, facility reviews of mortality, and audits of medical records. These are

some of the quality assurance activities listed in the DHS Service Provision Assessment

survey. The DHS:SPA asks facility management if the facility uses any of a list of quality

assurance activities. Gage and Zomahoun (2012) use data from health facility and house-

hold surveys in five states in Nigeria to examine the association of family planning service

delivery and contraceptive outcomes. They find that there is a strong positive association of

the knowledge of contraceptive methods and the use of quality assurance systems by fam-

ily planning health facilities in the local government area (LGA). There is a clear adequacy

cutoff here, such that if there is no evidence of any quality assurance activities, then the

facility is deemed inadequate in this indicator.

The above variable representing quality assurance does not ask about the frequency of

quality assurance activities, and it is important that managerial meetings are held frequently

to ensure the efficient running of the healthcare facility. Gage and Zomahoun (2012) use

whether official staff meetings have been held with a supervisor in their index representing

quality family planning. They find that there was a positive association between having

systems that were supportive of quality family planning services and the current contracep-

tive use rate. The DHS SPA asks for the frequency of meetings held by managerial staff,

and adequacy is stipulated as being held at least every 6 months.

Maintaing the cleanliness of the facility is imperative to the usefulness of the facility to

improve the health of patients. The DHS:SPA uses observations of cleanliness of all areas

of the hospital (including whether the sharps container was overflowing or was pierced or

broken, if bandages and non-sharps infectious waste was observed outside of a covered
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trash container) and a facility is deemed inadequate in cleanliness if any of the areas do

not satisfy these basic observations of cleanliness. Cleanliness of the facility is one of

the indicators used by Bjorkman and Svensson (2009) to represent quality of healthcare

provision.

That patients are protected from weather elements is also critical to whether the facility

can be effectively used to treat patients. The DHS:SPA asks if there was major damage to

the walls or roof. A facility is deemed inadequate if there is major damage to either. This

is a relatively clear cutoff as major damage will have serious effects on whether providers

can serve patients.

The performance of healthcare providers can mean the difference between life and

death for patients. Das and Hammer (2005) find that in India among the top 20% of

providers, there was still a more than 50% chance that providers would harm patients with

their lack of knowledge in the case of viral diarrhea and an over 25% chance for patients

with preeclampsia. Das and Hammer (2005) shows that vignettes are the best way to ascer-

tain provider performance. The DHS:SPA asks providers to detail what should be done in

the case of a sharps or needlestick injury. The correct knowledge of this should proxy for

the knowledge that providers have and would use in their interactions with patients.

Provider education is commonly used as a measure of provider quality. DHS asks

for the year providers were given their technical qualifications (based off of the technical

qualifications they were documented to have in the survey). All providers are required to

have received the technical qualification for the position they are practicing at.

Training of providers has been used as a measure of quality in Hong, Montana and

Mishra (2006) where authors find that IUD use among women was significantly positively

associated with quality of family planning services. Gage and Zomahoun (2012) also use

training of providers as a measure of quality of healthcare. They find that health worker

training in family planning services had a positive association with the odds of both lifetime

use and current use of a modern method. The DHS lists 5 basic training courses that should
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be offered in an adequate facility. Adequacy requires that at least half of these training

courses be offered, as it is possible that none of the providers interviewed were managers,

and one of the courses was directly related to managerial duties. A course was deemed

available to providers if any of the interviewed providers partook in the class. Robustness

to this adequacy cutoff is checked in Appendix A.

To proxy for corruption, the posting of user fees is used. Over 95% of facilities charge

user fees in Rwanda. However, in the DHS supporting material it discusses the importance

of posting fees in a visible way so that patients know how much they should be charged. If

not, there is a higher likelihood that they will be charged informally above what the formal

fee is. If fees are not visibly posted for patients then the facility was deemed inadequate in

this indicator.

Though patient satisfaction levels are available in the data, they are not used to create

the index as Aldana, Piechulek and Al-Sabir (2001) find that patient satisfaction ratings

may not reflect quality, and that patient satisfaction ratings may have more to do with the

cultural background of people than actual quality.

The weights given to each of the dimensions above is 1 and the weight for each indi-

cator within each dimension is split equally. Robustness tests for these specifications are

done in Appendix A. To test the robustness of the weights, rank correlation coefficients are

computed using Spearman’s Rho, Kendall’s Tau, and Pearson. Pearson’s rank correlation

coefficient simply calculates the percentage of pair-wise comparisons that are robust when

different specifications are used. Kendall’s Tau compares each pair within the group to

determine if the ranking of the pair is concordant (implying that the ranking is the same

as the original ranking) or discordant (implying that the ranking does not hold under the

new specification). Kendall Tau’s rank correlation coefficient is then simply the number of

concordant pairwise ranks (C) minus the number of discordant pairwise ranks (D) divided

by the total number of concordant pairwise ranks. Spearman’s rank correlation is computed

by ranking all groups under the original and new specification and for each country calcu-
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lating the difference in the two ranks (r
i

) for each group i. Then Spearman’s Rho is simply

⇢ = 1� (1/n(n2 � 1))6
P

n

i=1

r2
i

.

K is set at a plausible value of 1.5. Plausible values of K are between 1 and 2, as

when K is set above 2 the facility count ratio drops significantly for all three countries to

below 5% and the SDUI is essentially zero, which is highly implausible for these countries,

and when K is set below 1 the facility count ratio increases to above 95%. A similar

analysis to determine plausible cutoff values was done in Alkire and Santos (2011). This

implies that a facility is deemed underperforming in healthcare delivery if the weighted

indicators in which it is inadequate sum to 1.5 out of the 3 dimensions, or 50% of the

weighted indicators. This implies that for a facility to be classified as underperforming,

it must be classified as inadequate in at least 1 dimension and half of another dimension,

or a combination of indicators that yield a weighted sum of inadequacies of at least 1.5.

Robustness tests are then done for all possible values of K in the appendix using Foster and

Shorrocks (1988) dominance of the resulting ordering, which is implied by a lower value

of the index for all values of K.

A weight of 1 is given to each facility. The DHS:SPA did ask facility managers for

their catchment area, however there is a nonresponse rate for this question of 20% for

Rwanda, 35% for Uganda and 28% for Tanzania, and it is for this reason that the results

are calculated giving each facility the relative weight based off of the catchment area in

Appendix A.

3.4: Cross-Country Analysis

Table 3.2 below shows the results from calculating the SDUI for Rwanda, Uganda, and

Tanzania using the DHS: SPA data. Rwanda has the lowest SDUI of .268, implying that

Tanzania has the best delivery of healthcare services of these three countries. Table 3.2

also gives the components of the SDUI: the FCR (facility count ratio, or incidence of un-

derperformance) and A (the average share of inadequate indicators within underperforming

facilities, or the intensity of inadequacies within underperforming facilities). In Rwanda,
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A is 60%, implying that on average underperforming facilities in Rwanda are inadequate

in 1.8 of the weighted indicators measured. The FCR for Rwanda is 45%, implying that

45% of facilities are underperforming in the provision of healthcare services in Rwanda

in comparison to 57% in Uganda and 67% in Tanzania. The table also contains the stan-

dard error of each value calculated which are used to calculate statistical significance of the

rankings. All rankings by FCR are statistically significant at the 1% level. Rankings by the

average inadequacy share are statistically significant for all rankings at the 1% level except

the ranking between Uganda and Tanzania. The ranking by SDUI is statistically significant

for all rankings at the 1% level, except for the ranking between Uganda and Tanzania which

is statistically significant at the 10% level. The rankings are also robust to a change in the

underperformance cutoff and adequacy thresholds chosen (as can be seen in Appendix A).

The rankings are relatively robust to a change in weights, yet this result depends on the

rank correlation coefficient used.

Table 3.2: Cross-Country SDUI Ranking
Country Year Facility

Count
Ratio
(FCR)

A SDUI SDUI
Rank

Rwanda 2007 .45 .6 .268 1
(.022) (.005) (.013)

Uganda 2007 .57 .63 .357 2
(.028) (.006) (.018)

Tanzania 2006 .67 .62 .417 3
(.021) (.005) (.014)

Setting
K=1.5

Table 3.3 compares the ranking of these three countries by SDUI to the ranking by a

range of health outcomes from the World Bank Indicators, including the under-5 mortal-

ity rate, maternal mortality ratio, life expectancy at birth as well as rankings by healthcare

utilization including % of birth attended by a skilled health provider and % of women
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receiving prenatal care.5 The ranking by health varies significantly for these countries de-

pending on the variable used and also differs from the ranking of the SDUI. The implication

being that rankings by health outcomes such as the under-5 mortality rate, maternal mortal-

ity ratio, and life expectancy as well as rankings by by healthcare utilization such as the %

of births attended by a skilled health provider and % of women receiving prenatal care can

be misleading if used to judge healthcare delivery, because these outcomes are not solely

impacted by healthcare delivery, but also peoples characteristics and behavior.

Table 3.3: SDUI Ranking versus Health Outcomes Ranking
Country SDUI

Rank
Under-5
Mortal-
ity Rate
(per 1,000
live births)

Maternal
Mortality
Ratio in
2005 per
10,000 live
births

Life Ex-
pectancy at
birth (total
years)

% of Births
Attended
by Skilled
Health
Provider in
2005

% of
Women
Receiving
Prenatal
Care

Rwanda 1 85 610 59 39 94
Uganda 2 95 510 55 42 94
Tanzania 3 84 610 55 43 78
Setting
K=1.5

The results from Table 3.2 can be decomposed to find the percentage contribution of

each indicator to the SDUI. This is done in Figure 3.1. The composition of underper-

formance varies considerably across these three countries. Uganda has a low contribution

from Informal Payments to overall underperformance in the delivery of healthcare services.

The cleanliness indicator has a small contribution to the SDUI in Tanzania. That Provider

Performance has a much larger contribution than Provider Education for all three countries

may seem surprising; however this gives reinforcement to the argument made in Leonard

and Masatu (2010) that though healthcare providers are qualified to give a certain amount

of treatment, they do not perform with this same quality unless under “intense scrutiny”.
5Variables where a year was not specified are measured in the year the survey was done or the closet year

where data was available.
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Figure 3.1: Contribution of Each Indicator to the SDUI
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Policy implications are relatively limited from a cross-country analysis, and it is for this

reason that in Section 5 a within-country analysis is done for Rwanda. However, the mea-

surement and ranking of the poor delivery of healthcare services will likely bring attention

to it. By bringing attention to underperforming healthcare delivery, it will instill motivation

for governments and institutions to invest and research ways to make improvements in the

delivery of healthcare services.

Also, the ranking of these countries could be taken into account when calculating lend-

ing rates on investments in healthcare as the poor delivery of healthcare services dampens

the impact of investments in healthcare, implying that countries with a lower index value

will likely yield better returns on healthcare investments.

3.5: Within-Country Analysis for Rwanda

Rwanda’s Public Health System is decentralized into health districts, where each health

district has at least one hospital and numerous health centers and health posts. Health posts

are generally located in more rural areas, far from health centers, and provide a narrow

range of services. Health centers are located in more urban areas and provide a wider range

of services than health posts. District hospitals serve patients that have been referred by

primary health centers within its district (National Institute of Statistics Rwanda, Ministry

of Health Rwanda, and Macro International Inc. (2008)). Private facilities in Rwanda also
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serve the community. Private facilities include polyclinics, which fulfill similar functions

as health clinics in the public sector, as well as clinics and dispensaries, which fulfill similar

functions as health posts, and hospitals.

Table 3.4 decomposes Rwanda’s SDUI by facility type6, managing authority7, and

province.

Health posts, dispensaries, and clinics are found to have the worst provision of health-

care services of all three types of facilities, as demonstrated by a SDUI of .367.8 It is

not surprising that healthcare provision at the health posts, dispensaries, and clinic level is

inefficient, as accountability and supervision are likely to be less prevalent in rural areas.

Standard errors are listed below each of the values calculated and statistical significance

results are calculated based off of these. The ranking by SDUI for all three types of facilities

is statistically significant at the 1% level for all rankings. Decomposing the SDUI into

it’s two components shows that the ranking of facility types is not only due to the higher

percentage of facilities providing inefficient services for each type of facility, but also to the

increasing average intensity of inadequacies across facility type. The ranking by facility

count ratio is statistically significant across facility types at he 1% level, while the ranking

by average intensity of inadequacies is not. The ranking by SDUI is robust to a change in

the weighting scheme and adequacy thresholds as can be seen in Appendix A.

Non-government facilities are inferior to government facilities in the provision of

healthcare services, with a SDUI of .335 versus .279.9 Again, standard errors are listed
6Facility type groups facilities by similar functioning (including both public and private facilities).
7Managing authority includes government managed facilities and non-government managed facilities,

where non-government managed facilities includes private and government assisted facilities. “[t]he govern-
ment assisted facilities have a formal agreement to follow the policies of the MOH.” (National Institute of
Statistics Rwanda, Ministry of Health Rwanda, and Macro International Inc. (2008), 4) Unfortunately private
and government assisted facilities cannot be separated due to contractual obligations of DHS to countries
surveyed.

8It could be argued that adequacy cutoffs should differ between types of facilities, which is not done here
but could be done if adequate survey data to determine cutoffs for each type of facility was available.

9There is a possibility that this result is due to specific indicators omitted in the application, as it is likely
that absenteeism will be worse in government facilities than non-government facilities, as is seen in Banerjee,
Deaton and Duflo (2004).
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Table 3.4: Decomposition of Rwanda’s SDUI by Facility Type, Managing Authority, and
Province

FCR A SDUI SDUI
Rank

Facility Type

Hospital .15 .58 .087 1
(.057) (.027) (.033)

Health Center and Polyclinic .44 .59 .259 2
(.025) (.005) (.015)

Health Post, Dispensary, and
Clinic

.6 .61 .367 3

(.053) (.014) (.034)

Managing Authority

Government .43 .59 .26 1
(.028) (.006) (.017)

Non-government .45 .6 .279 2
(.034) (.008) (.021)

Province

North .3 .6 .181 1
(.05) (.014) (.031)

South .42 .59 .245 2
(.046) (.008) (.027)

East .5 .61 .302 4
(.048) (.01) (.029)

West .43 .58 .248 3
(.045) (.011) (.027)

Kigali City .57 .6 .341 5
(.055) (.012) (.033)

Setting K=1.5
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below the FCR, A and SDUI and are used to calculate statistical significance results. This

ranking is not statistically significant.

That there is no significant difference across different managerial authorities is inter-

esting as theoretically accountability should be less problematic in non-government fa-

cilities; however asymmetric information has been shown to yield numerous problems in

non-government health facilities. This can be seen in Banerjee, Deaton and Duflo (2004)

where the authors found that private providers in rural Udaipur, India underperformed their

public counterparts, and Das and Hammer (2005) where it was found that private providers

in poor areas of India performed worse than their public counterparts.

Out of all five provinces, Kigali City has the poorest provision of healthcare services,

while the North has the best. This is interesting as Kigali City is considered to be an urban

hub for Rwanda where many providers are likely to want to be stationed, whereas the North

is considerably more rural.

The ranking is not statistically significant across all pairwise rankings of provinces,

however the ranking between the North and East as well as the North and Kigali City is

statistically significant for both the facility count ratio, the average share of inadequacies,

and the SDUI. The ranking for the North and East remains consistent when changing the

weighting scheme. Though the ranking for the North and Kigali City does not, as when

50% weight is put on financing and resources Kigali City becomes the best at delivering

healthcare services. However, this is likely due to it’s central location. Therefore we can

only definitively state based off of statistical significance and robustness that the North has

better delivery of healthcare services than the East.

However, note that Kigali City and the East have a higher portion of health posts, dis-

pensaries, and clinics than any other province, implying that this result may be driven by

the composition of types of facilities within these provinces. It is for this reason that re-

gressions are run to determine the most important characteristics to determining whether a

facility is classified as underperforming and the number of inadequacies they experiences.
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A summary table of characteristics of facilities is given in Table 3.5 below. Results from

the regression of characteristics on whether a facility is classified as underperforming is in

Table 3.6. Results from the regression of characteristics on the number of inadequacies ex-

perienced by facilities is in Table 3.7. There are numerous omitted variables that we would

like to include in these regression, including but not limited to the poverty level in the area

that the facility serves, how rural the area is where the facility is located, and the value of

fees charged by facilities. This will likely lead to some omitted variables bias in the results

following.

Table 3.5: Summary of Characteristics
Variable Mean Std Dev Min Max

Total Providers 25 43 2 526
Share of Female Providers .54 .17 0 1
Number of Days Open 6.9 .4 3 7
Number of Beds 31 54 0 512
Share of List of Medications
Available

.36 .13 .01 .78

Share of List of Medications Out
of Stock in Past 6 Months

.11 .22 0 1

Share of List of Supplies Avail-
able

.64 .18 .13 1

Computer Available .45 .5 0 1
Available Working Phone or Ra-
dio

.87 .34 0 1

Shortage of Water .53 .5 0 1

The average number of providers at a facility are 25 and the average share of female

providers is 54%. Most facilities are open 7 days a week. The average number of beds that

facilities have are 31. DHS gives a list of 90 general medications that all facilities should

have and interviewers then observe whether these medications are available. On average,

facilities have only 36% of these medications with some facilities only having 1% of the

general medications listed and others having 78%. Of these general medications listed by

DHS, on average 11% have been out of stock in the past 6 months, with some facilities

having no stock outs while others having a stock out of all of the medications listed. DHS
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gives a list of basic supplies that all facilities should have (including supplies such as sharps

and sharp boxes). On average, facilities have 64% of these supplies and again there is a

wide range with some facilities only having 18% of the basic supplies and others having

all of them. 45% of facilities have a computer available and 87% have a working phone or

radio to communicate. 53% of facilities have experienced a shortage of water.

Table 3.6: Regression Results of Characteristics Related to whether a Facility is Deemed
Underperforming

Characteristics Marginal Effect Standard Error

Total Providers .0004 .001
Share of Female Providers -.28* .15
Number of Days Facility is Open .13 .09
Number of Beds .002 .001
Share of List of Medications
Available

-.47* .29

Share of List of Supplies Avail-
able

.1 .15

Share of List of Medications Out
of Stock in Past 6 Months

.13 .11

Computer Available -.1* .05
Available Working Phone or Ra-
dio

-.13* .08

Shortage of Water in Past 6
Months

-.03 .05

North Province -.44*** .08
South Province -.16 .13
East Province -.25* .14
West Province -.27*** .11
Hospital -.34** .13
Health Center -.14 .12
Government -.39** .18
North Province*Government .47*** .15
South Province*Government .25 .18
East Province*Government .37** .18
West Province*Government .4*** .15
Hospital*Government -.31* .18
Health Center*Government .11 .17

Probit results show that facilities with a larger share of female providers have a lower

probability of being classified as underperforming. Facilities with a larger share of the listed

general medications available have a lower probability of being classified as underperform-
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ing. Facilities with a computer available have a 10% lower probability of being classified

as underperforming. Having a working phone or radio decreases the probability of being

classified as underperforming by 13%. Facilities from the North East, and West provinces

are all significantly less likely to be classified as underperforming than facilities in Kigali

City. Therefore facilities in Kigali City have a significantly higher probability than these 3

provinces of being classified as underperforming. Hospitals are 34% less likely to be classi-

fied as underperforming than health posts, dispensaries, and clinics. Government facilities

are 39% less likely than non-government facilities to be classified as underperforming.

Though these results do not follow exactly our rankings above they are very close.

However, it is important to remember that the SDUI takes into account the incidence of

underperformance as well as the intensity, so the above regression is simply telling us the

characteristics that are important in describing whether a facility is classified as underper-

forming. These characteristics include the share of female providers, the share of general

medications available, availability of a computer and working phone/radio, province where

the facility is located, type of facility, and managing authority of the facility.
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Table 3.7: Regression Results of Characteristics Related to the Number of Inadequacies
Experienced by Facilities

Characteristics Marginal Effect Standard Error

Total Providers .0002 .0006
Share of Female Providers -.09 .1
Number of Days Facility is Open .1 .07
Number of Beds .0004 .0005
Share of List of Medications
Available

-.36* .2

Share of List of Supplies Avail-
able

.02 .11

Share of List of Medications Out
of Stock in Past 6 Months

.01 .07

Computer Available -.1*** .04
Available Working Phone or Ra-
dio

-.12** .05

Shortage of Water in Past 6
Months

-.02 .04

North Province -.41*** .08
South Province -.1 .11
East Province -.15 .12
West Province -.15 .1
Hospital -.14 .15
Health Center -.16* .09
Government -.25* .14
North Province*Government .39** .17
South Province*Government .18 .15
East Province*Government .28* .16
West Province*Government .25* .14
Hospital*Government -.24* .16
Health Center*Government .02 .12
constant 1.402*** ..51

R Squared .18
F (23, 455) 4.78***

Table 3.7 presents the results from the regression of characteristics on the number of in-

adequacies experienced by facilities. OLS is used, adjusting for heteroskedasticity by using

robust standard errors. Robust standard errors are used as whites test of heteroskedasticity

rejected homoskedasticity. Increasing the share of listed general medications available at a

facility is associated with a smaller number of inadequacies by .36 (or one Financing and

Resources indicator). Having a computer available is associated with a smaller the number
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of inadequate indicators. Having a working phone or radio is negatively correlated with the

number of inadequate indicators. Again, these results are similar to what was found when

comparing rankings of the SDUI.

Which province a facility is located in has a significant amount of explanatory power

for facilities classification of being underperforming. Considering that the health sector is

decentralized in Rwanda this is not surprising. Facilities from the north have .4 less inade-

quacies than facilities from Kigali City (this amounts to one indicator of the Financing and

Resources dimensions or 1 and a half indicators of the Providers and Infrastructure dimen-

sions). Government facilities have significantly less inadequacies than non-government

facilities.

As is done above for the cross-country ranking, the SDUI results found in Table 3.4

can be decomposed to find the percentage contribution of each indicator to the SDUI. This

is done in Figures 2.3, 2.4, and 2.5. The composition of underperformance varies greatly

when comparing across facility types. Stock card use and managerial meeting frequen-

cies have a larger contribution for health posts, dispensaries, and clinics. The composition

varies only slightly across government and non-government facilities.10 The composition

of underperformance varies across provinces when comparing the East, Kigali City, and the

North. Though the East has significantly and robust worse delivery of healthcare services

than the North, the contributions from each indicator are relatively similar. Yet, contri-

butions from Kigali City and the North are very different, where Kigali City has a larger

contribution from the Providers dimension (shades of green) and a lower contribution from

the Financing and Resources dimension (shades of red).

Through this analysis, policy implications can be made to improve the delivery of

healthcare services in Rwanda. According to the theory in chapter 2, facilities that are mul-

tiply inadequate should be targeted for the purposes of development in order to expanding

peoples capabilities through their local facilities. The provision of healthcare services is
10It is possible that there would be a greater difference in composition among public and private facilities,

as “non-government facilities” includes government assisted facilities.
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Figure 3.2: Contribution of Each Indicator to the SDUI by Facility Type

19.20%' 18.80%' 18.10%'

0.00%' 0.80%' 6.50%'
16.00%' 15.10%' 6.50%'

9.60%' 11.50%' 13.50%'

12.00%' 7.30%' 3.80%'

7.20%' 10.10%'
3.20%'

4.80%' 4.40%'
12.90%'

4.80%' 0.80%' 1.90%'

7.20%' 10.50%' 12.50%'

9.60%' 11.10%' 10.20%'

9.60%' 9.50%' 11.00%'

0%'

10%'

20%'

30%'

40%'

50%'

60%'

70%'

80%'

90%'

100%'

Hospital' Health'center'&'
Polyclinic'

Health'Post,'
Dispensary,'and'

Clinic'

Informal'Payments'

Provider'Performance'

Training'

EducaJon'

Managerial'MeeJngs'

Clean'

Maintenance'of'Infrastructure'

Quality'Assurance'

Supply'Frequency'

Stock'Card'

Budget'
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Figure 3.5: Contribution of Each Indicator to the SDUI by Province: East and North
Provinces
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the poorest in health posts, dispensaries, and clinics which is robust to a change in the ad-

equacy cutoff, a change in weights, and is statistically significant. These facilities could

be targeted to effectively improve healthcare delivery in Rwanda, increase the external ca-

pabilities experienced by people living in rural areas who use these facilities and therefore

spur development. This strategy could also act as an effective tool to reduce the impacts of

poverty as this type of facility is generally located in more rural areas where the poor are

more likely to be located.

Assuming that equal weights on dimension, and indicators, reflects underperforming

healthcare delivery and that an underperformance cutoff of 1.5 correctly defines the mini-

mum standard of performance of healthcare delivery, the indicators: Budget, Quality As-

surance, and Managerial Meetings should be targeted within health posts, dispensaries, and

clinics as these indicators have the largest contributions to the SDUI.

As the healthcare system is decentralized in Rwanda, provincial government may be

interested in ways in which they can improve healthcare delivery for their own province

specifically. The SDUI allows for this, as the results from Table 3.4 by province can be

further decomposed by facility type and managing authority. Table 3.8 demonstrates that

in Kigali City non-government facilities perform much worse than their government coun-

terparts; while in the East, North and West provinces government facilities perform worse
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than non-government facilities. 11 The implication from this analysis is that it may be nec-

essary to employ a different combination of policies in different provinces. One can also

think of this analysis as a tool for increasing accountability of local government not only to

citizens but to the national government.

3.6: SDUI Comparison Across Policies

A comparison of facilities that took part in three policies intended to improve healthcare

delivery is done below. This is strictly a comparison of these facilities healthcare delivery

and does not imply causation, meaning that one cannot state that introducing these policies

will yield any impact on healthcare delivery as measured by the SDUI. The policies evalu-

ated here are: increased community involvement, health worker pay for performance, and

giving health workers the opportunity for advancement in their career.

Increasing the involvement of the community is a common tool for improving account-

ability in the healthcare system as well as the education system. It has been found to have

positive impacts on indicators of healthcare delivery such as cleanliness of the facility, ab-

senteeism, correct use of equipment by providers, appropriate provision of supplements

and vaccines by providers, and the quality of information providers give to patients, as well

as healthcare utilization as can be seen in Bjorkman and Svensson (2009) in Uganda.

Community involvement has been used in Rwanda for many years, as can be seen in

the Lusaka Declaration introduced in 1985. In 1995 the Ministry of Health renewed its

dedication to the Lusaka Declaration and increased community participation in the man-

agement and financing of services Government of Rwanda (2005). The Ministry of Health

developed a community health policy for implementing health care services at the com-

munity level which recommends active participation of the population in planning, imple-

mentation, monitoring and evaluation of programs and projects, and strongly encourages

community recommendations and feedback. The community is thus responsible for its par-

ticipation in the management of healthcare facilities. Here the extent of the community’s
11Statistical significance tests and robustness tests can also be done on these results but are not done here

as this is strictly meant as an example.
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participation in the management of healthcare facilities is measured by managers’ response

to whether the facility partook in community involvement and had official records of meet-

ings between facility staff and community members. 54% of facilities had official records

of meetings between facility staff and community members.

Pay for performance, or performance based financing, has been used as a tool in many

developing countries for motivating providers to meet pre-specified performance indicators.

In Rwanda, pay for performance financing was introduced nationally in both public and

nonprofit health centers and hospitals starting in June of 2006. It was introduced in a

randomized format so that evaluation of the impact on healthcare utilization and quality

could be done. It was introduced to treatment facilities in June-September of 2006 (with no

impact on control facilities) and two years later, in April of 2008 it was introduced in the

control facilities. The data from the DHS:SPA was collected between June 16, 2007 and

was completed August 31, 2007.

Facilities were given payments equal to fees assigned for a list of common services

provided multiplied by the quantity of those services provided in the facility multiplied by

a quality score. The quality score included indicators of healthcare delivery. Facilities then

used these payments in their own discretion. 77% of facilities used this to increase person-

nel compensation resulting in a 38% increase in staff salaries. The program’s benefits for

child and maternity services was evaluated in Basinga et al. (2010)

Unfortunately, the DHS:SPA did not ask whether the facility was in the treatment or

control group and there is no data available on the district that each facility is located in to

determine which facilities were in treatment and control.12 However, the survey does ask if

providers receive any money outside of their routine salary that is related to their work in

the facility. This will capture those facilities that partake in performance based financing

at the time and passed their earnings onto providers as well as facilities that adopted their

own performance based financing. Therefore, nothing can be stated as to the impact of
12DHS was contacted to see if this data was available but it was not.
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introducing pay for performance financing. At the time of the survey, 77% of facilities

gave providers an additional payment related to their services.

Giving healthcare workers the opportunity for advancement is not as popular of a policy

as those mentioned above, but coincides with a policy of non-monetary incentives. Theo-

retically, providers having the opportunity to advance their career should give an incentive

for providing better services. 13 Each facility decides on the opportunities they will make

available for healthcare providers. Each provider’s response to whether he or she has any

opportunities for promotion in his or her current job is used to measure whether healthcare

providers are given the opportunity to advance their career within the facility. If a majority

of providers interviewed state that they have the opportunity to advance their career then

the facility is deemed to give providers the opportunity for advancement.

Table 3.9 gives the decomposition of Rwanda’s SDUI for facilities that participated in

the respective policy and facilities that did not at the time of the survey. For each of the

policies listed, the SDUI is higher, and consequentially the provision of healthcare services

is worse, for facilities that did not participate in the respective policy. Rankings by Com-

munity Involvement and pay for performance by SDUI and FCR are statistically significant

at the 1% level. For community involvement, the ranking by average intensity of inadequa-

cies is statistically significant at the 1% level. Rankings for community involvement and

pay for performance are also robust to a change in the underperformance cutoff, as can be

seen in Appendix A. Rankings for community involvement and opportunity for advance-

ment are robust to a change in weights. The ranking for monetary incentive is not robust

to a change in weights, as when a weight of 50% is put on Financing and Resources the

ranking reverses.

To see if the policies explain the classification of whether facilities are underperforming

as well as the number of inadequacies experienced by facilities the same regressions are run

as before including these three policies as explanatory variables.
13Opportunity for advancement for providers was advocated for by Dr. Lewis at her presentation at ODI.
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Table 3.9: Decomposition of Rwanda’s SDUI by Policy Solution
FCR A SDUI

Community Involvement

Participate .4 .58 .229
(.028) (.005) (.017)

Do not participate .51 .61 .314
(.033) (.008) (.012)

Health Worker Pay for Perfor-
mance

Participate .42 .59 .246
(.024) (.005) (.015)

Do not participate .56 .61 .31
(.046) (.01) (.028)

Health Worker Opportunity for
Advancement

Participate .44 .6 .26
(.038) (.008) (.023)

Do not participate .45 .6 .27
(.027) (.006) (.016)

Setting K=1.5

Table 3.10: Summary of Policy Participation
Variable Mean Std Dev Min Max

Community Involvement .54 .5 0 1
Monetary Incentive .77 .42 0 1
Opportunity for Advancement .34 .47 0 1
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Table 3.10 gives a summary of policy participation for the three policies. 54% of fa-

cilities have records of meeting with the community and 77% of facilities have more than

half of providers receiving monetary incentives linked to their performance. In only 34%

of facilities do at least half of providers report that they have the opportunity to advance in

their career.

Table 3.11: Regression Results of Characteristics Related to whether a Facility is Deemed
Underperforming

Characteristics Marginal Effect Standard Error

Community .11 .1
Monetary Incentive -.06 .08
Opportunity for Advancement -.02 .05
Total Providers .0005 .001
Share of Female Providers -.31* .15
Number of Days Facility is Open .12 .09
Number of Beds .002 .001
Share of List of Medications
Available

-.45 .29

Share of List of Supplies Avail-
able

.16 .16

Share of List of Medications Out
of Stock in Past 6 Months

.13 .12

Computer Available -.11** .05
Available Working Phone or Ra-
dio

-.13* .08

Shortage of Water in Past 6
Months

-.02 .05

North Province -.45*** .08
South Province -.17 .13
East Province -.26* .14
West Province -.28** .11
Hospital -.33** .13
Health Center -.11 .13
Government -.38** .18
North Province*Government .48*** .15
South Province*Government .27 .18
East Province*Government .39** .17
West Province*Government .42*** .14
Hospital*Government -.34** .15
Health Center*Government .09 .17
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From Table 3.11 none of the policies explains whether facilities are classified as un-

derperforming. Other characteristics are similar to what was found in the previous probit

regression.
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Table 3.12: Regression Results of Characteristics Related to the Number of Inadequacies
Experienced by Facilities

Characteristics Marginal Effect Standard Error

Community -.11*** .04
Monetary Incentive -.02 .05
Opportunity for Advancement -.006 .04
Total Providers .00006 .00006
Share of Female Providers -.12 .1
Number of Days Facility is Open .1 .07
Number of Beds .0004 .0005
Share of List of Medications
Available

-.31 .2

Share of List of Supplies Avail-
able

.07 .11

Share of List of Medications Out
of Stock in Past 6 Months

-.007 .08

Computer Available -.11*** .04
Available Working Phone or Ra-
dio

-.12** .05

Shortage of Water in Past 6
Months

-.01 .04

North Province -.38*** .14
South Province -.1 .11
East Province -.12 .13
West Province -.11 .11
Hospital -.11 .15
Health Center -.11 .09
Government -.23 .14
North Province*Government .36** .17
South Province*Government .17 .15
East Province*Government .27* .16
West Province*Government .23 .15
Hospital*Government -.27* .16
Health Center*Government .02 .12
constant 1.34*** .51

R Squared .2
F (26, 452) 4.78***

Running the same OLS regression as before including the three policies, facilities that

take part in community involvement have .11 less inadequacies than those that do not.

Other characteristics are similar to what was found in the previous OLS regression.
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Though it is shown that the performance of healthcare delivery is significantly and ro-

bustly better for community involvement, this does not imply causation just correlation. We

cannot rule out that the choice of adopting the policy is endogenous to healthcare delivery

of facilities.

3.7: Conclusion

This chapter used the SDUI that was introduced in Chapter 2 to analyze healthcare delivery

using data from Demographic and Health Surveys Service Provision Assessment survey.

Though there has been much work that has discussed indicators of inadequate healthcare

delivery and how these inadequacies impact health outcomes, no work has been done on

creating a single measure of poor performance in healthcare delivery. The measurement of

the poor performance of service delivery can lead to identification of problems in the de-

livery of education services and draw attention to them. Focusing on underperformance is

also important from a theoretical perspective (as discussed in chapter 2 of this dissertation).

Facilities are providing capabilities to individuals in the community that they serve, while

underperforming facilities are depriving individuals of those capabilities. For the purpose

of development, we should focus on people that are multiply deprived.

The SDUI adapts the Alkire and Foster (2011) methodology used for poverty mea-

surement to service delivery, which allows it to satisfy numerous properties. It focuses on

underperforming facilities, takes into account the breadth of inadequacies experienced by

facilities, allows for ordinal variables, and is decomposable by the multiple dimensions and

indicators of underperforming healthcare delivery.

First, the SDUI was calculated using DHS:SPA survey data for Rwanda, Uganda,

and Tanzania. A cross country comparison of healthcare delivery was made and it was

found that Rwanda had the best delivery of healthcare services, despite being ranked below

Uganda and Tanzania for some health variables. This result was found to be statistically

significant at the 1% level and robust to a change in the underperformance threshold, ade-

quacy thresholds, and weights. The benefit of this type of analysis is explained as though
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it does not aid countries in terms of policy, the measurement of the underperformance of

healthcare delivery will draw attention to those countries that are not providing adequate

deliver of healthcare services to people so tat healthcare delivery can be improved.

Second, the SDUI was decomposed for Rwanda by the type of facility, governing au-

thority of facilities, and province where facilities are located. It was found that health

posts, dispensaries, and clinics are the worst at delivering healthcare services, while hos-

pitals were the best. This result is statistically significant and is robust to a change in the

underperformance threshold, adequacy thresholds, and weights. The rankings by govern-

ing authority and province were not robust. However, regressions were run to determine

what the determinants of the index are, i.e. what characteristics are significantly correlated

with the index and it was found that the managing authority and province where a facility

are located are both determinants of whether a facility is classified as underperforming and

the number of inadequacies a facility experiences.

It was also shown how the index could be further decomposed for countries with decen-

tralized healthcare sectors to show how provincial government could make improvement

to healthcare delivery. This analysis is more relevant for policymakers as it measures those

facilities that are delivering the worst services to individuals and therefore the targeting of

these facilities will target those people in the communities of those facilities that are not

being given external capabilities from facilities.

Lastly, the SDUI was used to compare healthcare delivery for facilities that did and

did not participate in three policies that have been used in many countries to improve the

delivery of healthcare services. This was done not to show that the policy had an impact on

healthcare delivery. Though no statements were made about whether the policies have had

any impact on healthcare delivery, it was found that for each of the policies, there was better

healthcare delivery for facilities that partook in the policy. However, this result is only

robust for community involvement to changes int he underperformance cutoff, adequacy

cutoffs, and weights for community involvement. Hopefully this results will act as an
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incentive for future research to use the SDUI for the purpose of evaluating the impact of

community involvement on healthcare delivery.

Unfortunately this data could not be linked to the DHS survey of the population of

Rwanda due to the fact that GPS data is not available for facilities and the only location data

for surveys was at the province level. 14 Therefore no regressions could be run to analyze

the explanatory power of the index in health outcomes experienced by the population.

14District variables were requested from DHS but are not available.
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Chapter 4: Service Delivery Underperformance Index for Education:
A Multidimensional Approach to Measuring the

Inadequacies in Education Delivery

4.1: Introduction

This chapter applies the SDUI introduced in Chapter 2 of this dissertation to the education

sector of Papua New Guinea (PNG). By applying the SDUI to a country data source for

the education sector, the ability of the index to make within-country comparisons of the

delivery of education services and target facilities that are delivering the poorest services

to populations for policy purposes is demonstrated.

Though there has been much work that has discussed indicators of inadequate education

delivery and how these inadequacies impact education outcomes, no work has been done

on creating a single measure of poor performance in education delivery. The measurement

of the poor performance of education delivery can lead to identification of problems in the

delivery of education services and draw attention to them. Focusing on underperformance

is also important from a theoretical perspective (as discussed in chapter 2 of this disserta-

tion). Facilities are providing capabilities to individuals in the community that they serve,

while underperforming facilities are depriving individuals of those capabilities. For the

purpose of development, we should focus on people that are multiply deprived.

The application of the SDUI to the education sector below uses Public Expenditure

and Service Delivery data for the country of PNG. PNG has has one of the lowest literacy

rates of all developing countries at 61%, a low gross enrollment ratio of 63%, and about

half of students do not complete primary school. (Department of National Planning and

Monitoring of Papua New Guinea (2010)) As of 2010, the country will be unable to meet

any of the international targets set by the Millennium Development Goals. An analysis of

the delivery of education services in PNG will identify facilities that are performing poorly

in the delivery of education services for policy to target.
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Results from calculating the SDUI for education in PNG show that there are significant

differences in the delivery of education services across different managerial authorities. Be-

cause the education sector in PNG is highly decentralized, the SDUI is decomposed further

to analyze rankings within provinces. When analyzing the delivery of education services

within provinces, differences across managing authority and types of facilities become sta-

tistically significant. These results are also robust to a change in the underperformance

cutoff, a change in weights, and a change in adequacy thresholds (as can be found in Ap-

pendix B). An OLS and Probit regression are done to see what characteristics are correlated

with whether a school is classified as underperforming and the number of inadequacies that

a school has.

The use of multigrade classrooms as well as the increase of community involvement in

schools are two policies that PNG has been interested in expanding. The PESD asks about

whether the school uses multigrade classrooms as well as about community partnerships

with the school. In the following analysis, the SDUI is used to compare education delivery

across schools that in 2002 used multigrade classrooms and those that did not, and across

schools that had evidence of community partnership and those that did not. Schools that

partook in either of these were found to outperform schools that did not. An OLS and Pro-

bit regression are done to see whether community involvement and multigrade classrooms

have the suggested negative correlation with whether a school is classified as underper-

forming and the number of inadequacies that a school has. It is found both policies have

a significant negative correlation in both regressions. This is simply meant as an exercise

to compare the delivery of education services across those facilities that partook ad those

that did not (i.e. simply looking at correlations). However, the results suggest that further

analysis should be done on analyzing the impact of multigrade classrooms and community

involvement on education delivery using the SDUI as an impact evaluation tool.

The layout of the rest of this chapter is as follows. Section 3.2 gives a literature review

for the measurement of the delivery of education services. Section 3.3 summarizes the
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education system in PNG and a description is given of how the Public Expenditure and

Service Delivery (PESD) data is used to adapt the data to the calculation of the SDUI.

Section 3.4 presents the results of this application. Section 3.5 compares education delivery

for facilities that did and did not participate in the use of multigrade classrooms and had

community involvement. Section 3.6 concludes.

4.2: Literature Review

The quality of education has been measured by numerous researchers and organizations. A

typical measure for the quality of education is to use the achievement of cognitive skills by

students, usually measured by the achievement of students on standardized exams. The ar-

gument is that students future earnings reflect the quality of the education they receive, and

standardized exams are highly correlated with students future earnings (as has been found

by Hanushek and Wobman (2007)). This is the approach taken by Lee and Barro (1997)

and Barro (2001) which measures the quality of education in a country by the country’s in-

ternationally comparable standardized test scores. It has also been used for within-country

analyses of quality, as is done by Galiani and Schargrodsky (2001) and Mahuteau and

Mavromaras (2013).

There are numerous measures of the quality of schools in developed countries. The

National Center for Education Statistics recommends that 12 indicators of education quality

be used to measure the quality of eduction in schools. These include: the academic skills,

knowledge, experience and professional development of teachers. Focused and rigorous

curriculum and technology in the classroom as well as class size. Disciplinary environment,

high academic expectations/goals, leadership, and faculty.

States in the US have their own measures to identify the quality of schools in their state.

These measures include indicators such as test scores on state exams, growth of these test

scores, attendance rates of students, and learning conditions. Rockoff and Turner (2008)

test the impact of New York’s quality grades of schools on future test scores, finding that

release of a poor score significantly increase future test scores. In Australia, Lim, Gemici
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and Karmel (2013) develop a measure of school quality that uses students’ predicted college

entrance rank and the probability of university enrollment to rank schools by quality.

Many measures of education quality can be found in research where a measure or nu-

merous indicators of quality are used to determine the impact of quality on students per-

formance or students test scores. Card and Krueger (1990) measure teacher quality as

measured by the pupil-teacher ratio, the average term length, and the relative pay of teach-

ers to determine the rate of return for eduction. They find that men who were educated

in states with higher quality schools have a higher return to additional years of schooling,

holding constant their current state of residence, their state of birth, the average return to

education in the region where they currently reside, and other factors.

Focusing on developing countries, Asadullah and Chaudhury (2013) use proxies of

school quality (including the student teacher ratio, absenteeism rates, fraction of trained

teachers, fraction of female teachers, and time spent disciplining) as well as household

characteristics to understand the gender gap in learning. They find that unobserved house-

hold specific characteristics do not fully explain this, while unobserved quality of schools

can.

Fertig and Schmidt (2002) finds that an index of poor basic school conditions which

aggregates shortages of teachers and lack of instructional materials has a significantly neg-

ative impact on reading performance across countries using the PISA dataset. They find

that school quality indicators do have a significant negative impact on reading performance

and that this effect is larger for those students in the bottom quantiles for test scores.

Suryadarma and Rogers (2006) analyze the effect of school and teacher quality on

fourth graders math and dictation tests in Indonesia. Indicators of school quality used in-

clude teacher absenteeism, experience and education of teachers, proportion of permanent

teachers, proportion of female teachers, satisfaction of salaries of teachers, class size, stu-

dent teacher ratio, availability of paved roads, availability of toilets, electricity, staff rooms,

and whether schools had recent staff meetings. They find evidence that teacher absenteeism
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has a significant negative effect on math tests, while students at schools that had recent staff

meetings had higher scores on both math and dictation tests.

Pradhan et al. (2014) evaluate four randomized interventions aimed at strengthening

school committees (interventions included a grant plus one or a combination of the fol-

lowing: training for school committee members, democratic election of school commit-

tee members, facilitate collaboration between the school committee and village council).

While training measures have little effect, measures that foster the relationship between the

village and school committee including democratic election and facilitating collaboration

yield a positive impact on test scores. They also analyze the impact on measures of school

quality including the number of meetings held by school committees, hours spent by teach-

ers on teaching activities, classroom observation of whether teachers were teaching and

find a positive impact of the interactions on these measures of quality.

Education delivery indicators have also been used to analyze the impact that policies

such as community insolvent have on education outcomes. Pandey, Goyal and Sundarara-

man (2008) analyze the impact of a information campaign in three state of India to inform

the community of their roles and responsibilities in school management in India. They

analyze the impact on teacher absenteeism, teacher performance (whether the teacher was

engaged in teacher at the time of the interviewer visits), number of school committee meet-

ings, and the receipt of cash stipends and uniform entitlements. They find a positive impact

on teacher performance and a significant reduction in teacher absenteeism. They also an-

alyze the impact on students reading, writing, and math skills as measured by test scores

and find a positive impact.

Banerjee et al. (2010) finds that recruiting and training community volunteers to teach

low-performing students impacts students test scores, however disseminating information

to villages about rights and responsibilities with respect to education has no significant

impact.
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There are also numerous papers that have discussed the specific indicators of education

delivery.Kremer et al. (2005) looks for correlates of teacher absenteeism in India. They

find no relationship between teachers pay and teacher absenteeism. They find that teacher

absenteeism is lower when they have been inspected recently, there is better infrastructure,

and they are closer to a paved road. Private teachers are only slightly less likely to be

absent than public school teachers and there is not correlation between having a PTA and

teacher absenteeism. Teachers being from the community has no relationship with teacher

absenteeism. They also find that there was a slightly negative impact of multigrade classes

on teacher absenteeism.

Note that measures of quality vary depending on the indicators used. Some include

measures of basic inputs available and utilization rates of services. This paper focuses

on those indicators of quality that reflect the poor performance, or underperformance, of

the delivery of services. For instance, Suryadarma and Rogers (2006), Pandey, Goyal and

Sundararaman (2008), and Asadullah and Chaudhury (2013) use teacher absenteeism as a

measure of quality. Pandey, Goyal and Sundararaman (2008) uses whether facilities had a

recent staff meeting. Asadullah and Chaudhury (2013) uses the fraction of trained teachers.

Measures that specifically focus on the delivery of healthcare, not on quality of health-

care overall, are relatively new. Lewis and Pettersson (2009a) compiles a list of indicators

of education delivery and proposes a “dashboard” or “menu” approach. In this approach,

the interested party chooses the indicators they would like to use (or those where data is

available) and measures each from potentially separate data sets to come up with a series

of numbers which determine the overall performance of service delivery

Bold et al. (2010) proposes that education delivery should be measured using indica-

tors of education delivery which include the student teacher ratio, number of books per

student, teacher absence rates, share of teachers with minimum knowledge, and delays in

wages. They then suggest an aggregation framework for these indicators similar to the
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HDI, where each indicator is normalized to a value between 0 and 1, averages are taken for

each normalized indicator, and these averages are all averaged.

These measures differ from the SDUI as they do not focus on underperformance. The

theoretical argument from chapter 2 shows that according to Sen’s theory of development

from Sen (1999) and Foster and Handy (2008a)’s definition of external capabilities, each

facility is considered to give the surrounding population additional capabilities or freedoms

through its adequate provision of service delivery. The poor delivery of services then de-

prives individuals of capabilities. If development is the expansion of peoples capabilities,

then we should focus on those facilities that deprive people of multiple capabilities.

Bold et al. (2010) requires that indicators all be cardinal. However, many indicators

of education delivery, such as the performance of teachers, are not cardinal. Surveys of

education delivery that collect cardinal data are also very expensive and suffer from high

rates of non-response. Lewis and Pettersson (2009a) does not aggregate indicators, which

may lead to difficulties in making comparisons of the delivery of services across different

groups and over time.

4.3: Data

As of 2010, PNG has been unable to meet any of the international targets set by the Mil-

lennium Development Goals. (Department of National Planning and Monitoring of Papua

New Guinea (2010)) PNG has one of the lowest literacy rates of all developing countries

at 61%, a low gross enrollment ratio of 63%, and about half of students do not complete

primary school. Little progress has been made in improving these rates from 2000 when

the MDGs were announced (UNESCO (2012)). Much work needs to be done in PNG to

improve the state of development and bring this country on track to meet the Millennium

Development Goals. Starting with the second MDG to achieve universal primary education

would yield additional impacts on the other MDGs, as an improvement in education has

been shown to increase a person’s productivity and earnings through improved health and

nutrition, as well as reduce infant and child mortality rates.
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The education system of PNG is highly decentralized. The National Department of Ed-

ucation is strictly limited to determining national policies and standards, as well as giving

advisory support to provinces in the areas of research, training, and staff development. The

delivery of education, including planning, financing, staffing, and maintaining general edu-

cation institutions up to Grade 12 is the responsibility of provincial, district, and local-level

government. (Department of Education Papua New Guine (2001)) The Provincial Educa-

tion Administration (PEA) is responsible for non-wage payments (such as school subsidies

and grants) for basic materials and operating costs within their province. They distribute

these funds either by cash payment or in kind supplies to the District Education Adminis-

tration (DEA). The DEA is then responsible for distributing these non-wage funds to the

Boards of Management of the respective schools in their district. Teachers are paid directly

from the Department of Finance and Treasury. Private schools also receive funding from

the government through the same decentralized system. (World Bank (June 2004))

Schools in PNG are either primary (serving grades 1 through 6), community (serv-

ing grades 3 through 8), or elementary (serving grades 1 through 3). During this time as

part of PNG’s education reform community schools were transitioning to primary schools

and introducing elementary schools for the purpose of increasing the retention of students

past grade 6 and increasing enrollment of students in grade 1. At the time of the survey,

50% of all schools were community schools despite the earlier starting date of the policy

of changing community schools to primary schools. This statistic however differs signifi-

cantly across provinces. In the National Capital District (NCD), all schools were already

transformed into primary schools by the time of the survey. This is not surprising as NCD

is the seat of the national government. While in Enga and Gulf, 50% of schools were com-

munity schools at the time of the survey. About half of schools in PNG are operated by the

government, while the other half are operated by churches and other private groups.

The average school in PNG has 8 teachers and each teacher has an average of 28 stu-

dents. The country has an average absenteeism rate for teachers of 13.5%. Chaudhury
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et al. (2006) calculates absenteeism rates for 6 countries finding absenteeism rates as high

as 25 and 27% in India and Uganda and absenteeism rates as low as 11% in Peru. These

absenteeism rates are not extreme for developing countries. However, these rates vary con-

siderably over provinces with the province of Enga having a teacher absenteeism rate of

26%. Only 16 percent of teachers report delays in receipt of wages..

In 2002, a long recessionary period, large deficits, rising poverty, and poor literacy, en-

rollment, and retention rates instigated a Public Expenditure and Service Delivery (PESD)

survey to be done in PNG. The goal of the survey was to better understand the shortcomings

of the delivery of education services as well as how well funding was being translated into

the delivery of services. (World Bank (June 2004)) The survey was nationally representa-

tive, using school based surveys to management, teachers, and parents as well as district

and provincial surveys. It was conducted in 214 schools, covering the 4 main regions of

PNG which included 8 of the 22 provinces. In the analysis below, 8 schools were dropped

from the analysis as the individual teacher survey was not done for these schools. They are

evenly spread across 5 of the provinces.

To calculate PNG’s SDUI for education using the PESD survey data, the core dimen-

sions of service delivery are used that were previously introduced in chapter 2 of this dis-

sertation. These are the effective use of: 1. Resources and Financing, 2. Infrastructure, and

3. Providers.

Indicators used to reflect these dimensions are based off of data availability in the survey

and are listed in Table 4.1 below along with adequacy thresholds and weights for each

indicator. There are 3 indicators for Financing and Resources and Providers dimensions

and two indicators for the Infrastructure dimension. There is also a summary of why each

indicator and adequacy threshold was chosen below the table.

Supervision and monitoring of financing and resources is necessary for an adequately

functioning education sector. This includes monitoring finances intended to reach schools

to ensure that there is no funds lost to capture, as well as the monitoring of supplies that
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Table 4.1: Dimension, Indicators, Adequacy Thresholds, and Weights for the SDUI applied
to PESD data for PNG

Dimension Indicator Adequate if: Weights

Financing and
Resources:

Share of schools in dis-
trict that received all
subsidy payments

100% of schools re-
ceived

1/3

Meetings Held by Board
of Management

Less than 2 meetings
over 2001

1/3

Teachers receive all
wages and delay in
teachers wages

All teacher receive
wages with no delays

1/3

Infrastructure: Regular staff meetings Regular staff meetings
are held

1/2

Number of classrooms
in such a bad state that
they need to be com-
pletely rebuilt

No classrooms in this
state

1/2

Providers: Teacher on time and
spends most days teach-
ing

Teacher always on time
and sends all day teach-
ing

1/3

Education level of
provider

All providers have
teaching certificate

1/3

Absenteeism rate of
teachers

All teachers present 1/3
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have been dedicated to the school. Reinikka and Svensson (2005) evaluate a newspaper

campaign aimed at reducing the leakages of public funds to schools by providing parents

with information to monitor local officials. They find that the campaign reduces the capture

of funds and has a positive effect on enrollment and student learning.

The leakages of funds here is separated into wage and non-wage leakages. For non-

wage leakages, the share of schools in the district that received all subsidy payments is

used. The leakage of non-wage financing is measured at the district level because, data

at the school level for the amount of subsidies received was incomplete with 15% of the

schools interviewed not having data. The adequacy threshold is set such that all of the

subsidy is received by all of the facilities in the district. Robustness to this threshold are

examined in Appendix B, changing the adequacy threshold such that all schools in a district

are adequate if all schools receive more than half of their subsidy.

It is also important that those funds received by schools are indeed used efficiently for

students. The number of meetings held by the Board of Management of a school represents

the financial management of resources at the school level. This is important in PNG which

is highly decentralized and a majority of the financial decisions including the setting of

fees and the purchasing of supplies is done by the school’s Board of Management. The

threshold was not specified in the survey, so it is chosen here as 2 meetings in the previous

year and robustness to the threshold are checked in Appendix B.

Again, questions on how much funds were collected in revenue and spending at the

school level were asked, but only 30% of the schools interviewed reported this information.

Because of the lack of data financial information calculated could not be used in the index.

This demonstrates the problem of collecting cardinal data when analyzing the delivery of

education services. With respect to leakages of financing from the state to students, it is

difficult to collect data. However, the SDUI can use ordinal data and therefore all that needs

to be collected is if the school received the funds they were intended to or not and whether

those funds were used for students or not.
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For wage-leakages, each teacher was asked if they received all of their wages and if

so if there was a delay. The threshold is chosen such that all teachers receive their wages

with no delay. Robustness to this threshold is done in Appendix B, where the adequacy

threshold is changed to allow wages to be 1 week late.

Quality assurance activities in education may include having an approved curriculum,

development of explicit learning outcomes that students should attain, regular evaluation

of providers and recorded feedback, records of the monitoring of progress and achieve-

ments of students, and records of staff meetings. Suryadarma and Rogers (2006) use recent

staff meetings as an indicator of quality of schools and find evidence that schools that had

recent staff meetings had higher scores on both math and dictation tests for fourth grade

students. The number of school committee meetings is also used by Pandey, Goyal and

Sundararaman (2008) which finds a positive impact of an information campaign to inform

the community of their roles and responsibilities in school management in India on the

number of committee meetings.The frequency of staff meetings is used here to represent a

quality assurance activity. The question is asked in a yes, no format such that regular meet-

ings are either held or not, and so the adequacy threshold is set such that yes, all regular

meetings are held.

Maintaining the physical condition of schools is imperative to the usefulness of the

facility to yield benefits to students educational attainment. Maintaining the infrastructure

is the responsibility of local level governments in PNG and funds are dedicated to education

with this in mind. When classrooms are in such a bad state that they need to be completely

rebuilt,students learning is hindered. The number of classrooms that are in such a bad state

that they need to be repaired is used as an indicator of the efficient use of Infrastructure

dimension. The threshold is set so that no classrooms are in this bad of a state.

Provider performance is measured here from parents observation of whether the teacher

is on time and spends most of his/her day teaching. Intuitively, the threshold is set so that

the teacher is always on time and always teaching. Chaudhury et al. (2006) find that though
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one-quarter of government primary school teachers were absent from school, only half of

the teachers present were actually teaching when enumerators arrived at the schools. This

is also used by Pandey, Goyal and Sundararaman (2008) which find that an information

campaign informing the community of their roles in school management in India had a

positive impact on whether teacher’s wee observed as engaged in teaching during interview

visits.

The education level of teachers is measured as the highest level of education completed.

This is measured in the survey as whether the teacher has a certificate, diploma, or post-

diploma work. The threshold is chosen as a teacher having a 2 year teaching certificate.

Teachers education has been used in almost every paper discussing the quality of teachers.

A sample of this research is Suryadarma and Rogers (2006), Das et al. (2005), and Kremer

et al. (2005).

Provider absenteeism is measured by the difference in the list of teachers supplied by

the head teacher and and the number that are present on the day of the interview. Teacher

absenteeism has been included in numerous papers as a measure of education quality.

Suryadarma and Rogers (2006) find evidence that teacher absenteeism has a significant

negative effect on math test scores for fourth grade students. Kremer et al. (2005) finds

that teacher absence is negatively associated with student attendance, as well as test scores

for grade 4 children. Noting that it is likely that these results are underestimated due to

measurement error of teacher absence and drop outs that may occur in schools with poorer

quality teachers. Chaudhury et al. (2004) finds that teacher absence predicts lower scores

in english, but not math in Bangladesh. Das et al. (2005) find a significant negative impact

of teacher absence on english and math scores using panel data in Zambia. The absen-

teeism threshold here is stipulated in the supporting work of the survey at all teachers

being present.

The state is accountable to its people for efficiently financing the education sector. If

a cross-country analysis were to be done, the Financing and Resources dimension would
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include an indicator for the percentage of the national budget designated for education with

a cutoff of 15-20%. Since this chapter will only do a within-country analysis and PNG

dedicated 20% of it’s national budget to education in 2001, the indicator does not give us

any new information on education delivery.

The weights given to each of the dimensions above is 1 and the weight for each indicator

within each dimension is split equally. Robustness tests for these specifications are done

in Appendix B. To test the robustness of the weights, the SDUI is calculated and the rank

is checked for each of the different specifications. Rank correlation coefficients are not

computed as the comparisons that will be made for different weights are only pairs (looking

at the ranking for government and non-government schools and primary versus community

schools). Rank correlation coefficients are useful when there are more than 2 subgroups as

to try and rank the numerous pairs is difficult. However, when there are only two subgroups,

one simply compares the resulting ranks for the new thresholds.

K is set at a plausible value of 1.5. Plausible values of K are between .5 and 2, as

when K is set above 2 the facility count ratio drops significantly to below 5% and the

SDUI is essentially zero and when K is set below .5 the facility count ratio increases to

above 95%. A similar analysis to determine plausible cutoff values was done in Alkire and

Santos (2011). This implies that a facility is deemed underperforming in education delivery

if the weighted indicators in which it is inadequate sum to 1.5 out of the 3 dimensions,

or 50% of the weighted indicators. For a facility to be classified as underperforming, it

must be classified as inadequate in at least 1 dimension and a half of another dimension

or a combination of indicators that yield a weighted sum of inadequacies of at least 1.5.

Robustness tests are then done for all possible values of K in Appendix B using Foster and

Shorrocks (1988) dominance of the resulting ordering, which is implied by a lower value

of the index for all values of K.

A weight of 1 is given to each facility, though weights could be given to each facility

depending on the share of the population served. The PESD survey asks for the number
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of students in each grade that attended school the previous week. The results below are

recalculated giving each school weights based off of the share of total students at all schools

interviewed that attend the respective school in Appendix B.

4.4: Analysis of the Delivery of Education Services for PNG

Table 4.2 below shows the results from calculating the SDUI for PNG using PESD survey

data. PNG has an SDUI of .238. Table 4.2 also gives the components of the SDUI: the

FCR (facility count ratio, or incidence of underperformance) and A (the average share of

inadequate indicators within underperforming facilities, or the intensity of inadequacies

within underperforming facilities). A is 59%, implying that on average underperforming

schools in PNG are inadequate in 59% of the eight weighted indicators measured. The

FCR is 40%, implying that just under half of schools are underperforming in the provision

of education services.

Table 4.2: PNG’s SDUI
Facility
Count
Ratio
(FCR)

A SDUI

PNG .4 .59 .238
(.04) (.02) (.02)

Setting K=1.5

The results from Table 4.2 can be decomposed to find the percentage contribution of

each dimension/ indicator to the SDUI. This is done in Figure 4.1. The contribution from

Infrastructure indicators are in red, the contribution from Provider indicators are in green,

and the contribution from Financing and Resources indicators are in blue. Financing and

Resources and Infrastructure have the largest contributions to the SDUI, with contributions

of 36% and 35%. Looking at the contributions by indicators, a small contribution comes

from Teacher Education, while the largest contributions are from maintenance and infras-

tructure and non-wage leakages.
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Figure 4.1: Contribution of Each Indicator to the SDUI
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Table 4.3 decomposes PNG’s SDUI by school type, managing authority, and province.

Primary schools are found to have poorer provision of education services of both types of

schools, as demonstrated by a SDUI of .246 versus .233. However, this result is not statisti-

cally significant for the whole country. Below, it will be shown that for some provinces the

difference in SDUI for primary and community schools is indeed statistically significant.

Figure 4.2 decomposes the SDUI results for primary and community schools to find the

percentage contribution of each dimension and indicator to the SDUI. The composition of

underperformance varies when comparing across school types. Primary schools having a

larger contribution from teacher education and teacher absenteeism.

Private/religious schools deliver worse services than government schools , with a SDUI

of .271 versus .207, which is statistically significant at the 10% level. Decomposing the

SDUI into its two components, this result is due to a higher incidence of underperformance

amongst private/religious schools. Figure 4.3 gives the contribution of each dimension

and indicator to the SDUI. This shows that the contribution from the Providers dimension

(shaded in green) is larger for private/religious schools than government schools, resulting

from a larger contribution in private/religious schools from the education of providers and

teacher absenteeism. The result is robust to a change in weights as can be seen in Appendix

B. When analyzing the robustness of the results to a change in the underperformance cutoff

(as can be seen in Appendix B), the ranking for government and private/religious facilities

changes as the underperformance cutoff increases. This implies that as the underperfor-
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mance cutoff increases, and the threshold for being determined underperforming becomes

more strict meaning that a facility needs more inadequacies to be classified as underper-

forming, government facilities become worse performers than private/religious facilities.

Table 4.3: Decomposition of PNG’s SDUI by school Type, Managing Authority, and
Province

FCR A SDUI SDUI
Rank

school Type

Community .39 .6 .233 2
(.05) (.01) (.03)

Primary .43 .58 .246 1
(.06) (.02) (.03)

Managing Authority

Private/Religious .46 .58 .271 2
(.05) (.01) (.03)

Government .34 .6 .207 1
(.05) (.02) (.04)

Province

Eastern Highlands .41 .55 .3 5
(.09) (.03) (.05)

East New Britain .34 .6 .2 3
(.09) (.03) (.05)

Enga .47 .61 .283 6
(.09) (.02) (.06)

Gulf .49 .61 .295 7
(.12) (.02) (.07)

Morobe .2 .66 .131 1
(.07) (.03) (.05)

NCD .23 .56 .131 1
(.08) (.03) (.04)

Sanduan .73 .61 .404 8
(.08) (.02) (.05)

West New Britain .32 .55 .239 4
(.12) (.02) (.07)

Setting K=1.5

Decomposing the results by province is essential in any analysis of the education sector

of PNG because of the great amount of decentralization as well as the numerous findings

that education outcomes vary significantly across provinces. For instance, the province
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of Sanduan has been found to have the highest headcount ratio of all of the provinces

of PNG of 63% as well as the lowest enrollment rates from grades 1 through 8 of 22%.

(Department of Education (2002) and World Bank (June 2004)) From Table 4.3, Sanduan

(officially named West Sepik) has the worst delivery of education services, with a SDUI of

.404. Though not all of the rankings across provinces are statistically significant, Sanduan’s

SDUI is significantly higher than all other provinces (except for the provinces of Gulf and

Enga).

Table 4.4 compares the SDUI ranking by province from Table 4.3 to outcomes that will

be affected by the delivery of education services, such as poverty rates, literacy rates, en-

rollment rates, and retention rates. Enrollment rates are the worst in provinces that have the

worst delivery of education services, as can be seen by the low enrollment rates in Sanduan,

Enga, and Gulf. Enrollment rates are highest in the National Capital District, which has

one of the best deliveries of education services. Ranking of provinces by retention rates

also follows the ranking by SDUI relatively closely, with NCD having the highest retention

rates and Sanduan having the lowest. Adult literacy rates also have a similar ranking, with

the lowest rates in Sanduan and the highest rates in NCD.

Poverty rates are likely to be affected by education delivery, as multiply inadequate

facilities are likely to impact individuals educational attainment more and students with

less education have lower paying employment and therefore have a higher probability of

being poor. Again, the ranking by headcount ratio is similar to the ranking by SDUI, with

the province of Sanduan having the highest headcount ratio of 62.6% and NCD having the

lowest amount of poverty with a headcount ratio of 19.4%.

Figure 4.4 gives the contribution of each indicator to the SDUI for all provinces, which

shows that the contribution across provinces varies significantly. In the National Capital

District, there is contribution of zero from non-wage leakages and teacher education, which

is not unexpected as NCD is the seat of the national government. In Sanduan there is a much

larger contribution from the indicators of the Financing and Resources dimension than for
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Figure 4.2: Contribution of Each Indicator to the SDUI by school Type
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Figure 4.3: Contribution of Each Indicator to the SDUI by Managing Authority
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Figure 4.4: Contribution of Each Indicator to the SDUI by Province
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Table 4.4: Province SDUI Rank and Education Outcomes (%)
Variable SDUI

Rank
Grade
3 to 8
Enroll-
ment
Rates
2001

Grade 1
to 8 Re-
tention
Rates
1993-
2000

Adult
Lit-
eracy
Rates

Headcount
Rates

Eastern Highlands 5 53.2 25.5 37.5 28.3
East New Britain 3 77.4 42.3 74 30.7
Enga 6 46.8 28.7 25.5 29.5
Gulf 7 47.1 34.7 42.5 27.3
Morobe 1 52.9 26.5 51.4 34.9
National Capital District 1 82.7 72.6 84.1 19.4
Sanduan 8 46.8 22.7 40.2 62.6
West New Britain 4 64.4 40.2 64.8 30.7

any other province. This indicates that it is likely necessary for each province to have a

different set of policies to improve the delivery of education services.

As the education system is decentralized by province and district in PNG, provincial

and district education advisors may be interested in ways in which they can improve the

delivery of education services for their own province or district specifically or the state

government may be interested in maintaining accountability by monitoring the delivery

of education services at lower levels. The SDUI allows for this. Table 4.5 and Table 4.6

decompose the SDUI results for each province located in Table 4.3 by school type and man-

aging authority. For the province of Enga, community schools perform significantly worse

in the delivery of education services than primary schools at the 1% level. While in Mo-

robe, primary schools have poorer delivery of education services than community schools,

which is statistically significant at the 10% level. The ranking by managing authority re-

mains consistent with the results found for the country and statistically significant for the

provinces of East New Britain, Enga, and West New Britain. However, for the provinces

of Gulf, Morobe, and NCD the ranking is statistically significant in the opposite direction,

such that government facilities provider worse education services than private/religious

facilities. These rankings are also robust to a change n weights and to a change in the
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underperformance cutoff. Due to the high amount of decentralization in PNG, rankings of

managing authority at the province level are more intuitive than at the country level.

To analyze the characteristics of schools that are correlated with whether a facility is

classified as underperforming and the characteristics that are correlated with the number

of inadequacies a facility experiences a probit regression is run in Table 4.8 and a OLS

regression is run in Table 4.9. A summary table of the characteristics of facilities used in

the regressions is given in Table 4.7 below. Note that these are the characteristics available

in the data set. There are many more variables that will be correlated with whether a facility

is classified as underperforming and the number of inadequacies a facility experiences.

These will be omitted variables in the regression analysis below. It should also be noted

that some of the variables in the regressions are likely endogenous. For instance, good

service delivery may result in higher fees being charged or more teachers not wanting to

show up.

The average school fee per student per year is 23 kina, ranging from a fee of 0 kina

to 120 kina. The average teacher shortfall experienced by facilities in the sample is 20%,

implying that on average, there is a shortfall of teachers in a facility of 20%. The shortfall

ranges from 0 to 83 %. The average number of teachers in a facility is 6, ranging from 1 to

36. The average student to teacher ratio is 30 students per teacher. 80% of schools have the

adequate number of textbooks. The average number of classrooms with a blackboard is 11,

ranging from 0 to 32. Only 2% of schools do not have a blackboard. 44% of schools do not

have any classrooms with a table and chair. 63% of classrooms do not have a classroom

with electricity 43% of schools do not have enough toilets for boys and 49% do not have

enough toilets for girls. 6% of schools have a flush toilet for teachers, 93 % have a pit toilet,

and 1% have no toilets for teachers. 42% of schools have no water available. An index was

calculated within the survey to determine whether a facility was located in an area that was

rural as well as whether a facility was in a poor area. It is found that 21% of schools are

located in well off areas, 20% are located in not poor areas, 35% are located in poor areas,
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Table 4.6: Decomposition of PNG’s SDUI within Provinces Continued
Sanduan FCR A SDUI West New

Britain
FCR A SDUI

Facility Type Facility Type

Community .68 .61 .417 Community .33 .54 .179
(.1) (.03) (.06) (.16) (.01) (.06)

Primary .63 .58 .368 Primary .57 .56 .317
(.17) (.02) (.1) (.19) (.03) (.11)

Managing
Authority

Private/Religious .58 .59 .339 Private/Religious .62 .56 .345*
(.12) (.03) (.07) (.18) (.02) (.06)

Government .82 .63 .515* Government .25 .53 .132
(.12) (.04) (.08) (.16) (.02) (.06)

Setting K=1.5

Table 4.7: Summary of Characteristics
Variable Mean Std Dev Min Max

School Fee 23 24 0 120
Teacher Shortfall .2 .23 0 .83
Total Number of Teachers 6 5.7 1 36
Student to Teacher Ratio 30 30 0 237
Adequate Number of Textbooks .8 .4 0 1
Number of Classrooms with a
Blackboard

8 11 0 42

Any Classrooms with Table and
Chair

.56 .49 0 1

Any Classrooms with Electricity .16 .37 0 1
Enough Boys Toilets .57 5 0 1
Enough Girls Toilets .51 5 0 1
Flush toilet for teachers .06 .24 0 1
Pit toilet for teachers .93 .26 0 1
No toilets for teachers .01 .08 0 1
Water Available .58 .49 0 1
Well Off .21 .41 0 1
Not Poor .2 .4 0 1
Poor .35 .48 0 1
Very Poor .23 .42 0 1
Easily Accessible .21 .41 0 1
Accessible .36 .48 0 1
Remote .3 .46 0 1
Extremely Remote .21 .41 0 1
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and 23% are located in very poor areas. 36% are located in easily accessible areas, 30%

are located in accessible areas, 36% are located in remote areas, and 21% are located in

extremely remote areas.

Probit results show that facilities with a larger teacher shortfall have a higher proba-

bility of being classified as underperforming. The coefficient of .74 implies that a teacher

shortfall increase of 10% is associated with an increase in the probability of the facility

being classified as inadequate of 7.4%. Schools with a larger number of teachers have a

higher probability of being classified as underperforming. This result could be because a

larger number of staff are more difficult to monitor. A staff increase of 1 teacher increases

the probability of being classified as underperforming of 3%. A higher student to teacher

ratio reduces the probability of a facility being classified as underperforming. An increase

of ten students per teacher decreases the probability of being classified as underperforming

by 4%. This may be because teachers feel more accountable if they have a larger number

of students that they are teaching. Having an adequate number of textbooks increases a

facility’s probability of being classified as underperforming. It is possible that facilities

without the adequate number of textbooks need to provide better education services with

the resources that they have. This is the critical part of this index, because inputs are not

included in the index facilities that receive less inputs but utilize efficiently what they have

can be identified.

Having at least one classroom with a table and chair decreases the probability a facility

is classified as underperforming by 17%. Having electricity increases the probability a

facility is deemed underperforming by 31%. Facilities with enough girls toilets have a

higher probability of being classified as underperforming. Having no toilets for teachers

increases a facility’s probability of being classified as underperforming by 69%. Facilities

that have water available are 24% less likely of being classified as underperforming.

Poverty seems to have no correlation with whether a facility is classified as underper-

forming. Remoteness has a significant effect, as being classified as more remote than those
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Table 4.8: Regression Results of Characteristics Related to whether a Facility is Deemed
Underperforming

Characteristics Marginal Effect Standard Error

School Fee .0004 .002
Teacher Shortfall .74*** .2
Total Number of Teachers .03** .01
Student to Teacher Ratio -.004*** .001
Adequate Number of Textbooks .14*** .05
Number of Classrooms with a Black-
board

-.003 .008

Any Classrooms with Table and Chair -.17** .08
Any Classrooms with Electricity .31** .16
Enough Boys Toilets -.18 .12
Enough Girls Toilets .29*** .11
Flush toilet for teachers -.06 .13
No toilets for teachers .69* .39
Water Available -.24*** .08
Not Poor .08 .17
Poor .07 .12
Very Poor -.11 .10
Accessible .28* .15
Remote .42** .18
Extremely Remote .62*** .18
Primary .28** .12
Government -.19 .13
Eastern Highlands -.13 .14
East New Britain -.14 .09
Enga -.21*** .05
Gulf .18 .38
Morobe -.56*** .09
NCD -.19*** .04
West New Britain -.12 .12
Eastern Highlands*Government -.22*** .06
East New Britain*Government -.17*** .04
Enga*Government -.15*** .04
Gulf*Government -.17*** .04
Morobe*Government .94** .03
NCD*Government .8*** .12
West New Britain*Government -.2*** .04
Eastern Highlands*Primary .01 .2
East New Britain*Primary -.04 .2
Enga*Primary .53* .32
Gulf*Primary -.18*** .04
Morobe*Primary -.22*** .07
West New Britain*Primary .08 .31
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facilities that are easily accessible results in a higher chance of being classified as underper-

forming. Primary schools have a higher probability of being considered underperforming.

Government schools have a lower probability of being classified as underperforming (as

was found in the analysis above). Morobe and NCD have a significantly lower probabil-

ity than Sanduan of being classified as underperforming (as was also found in the analysis

above) while Enga has a significantly higher probability relative to Sanduan of being classi-

fied as underperforming. The correlation between managing authority and classification as

underperforming varies depending on the province (as is found above) and the correlation

between primary and classification as underperforming varies for the provinces of Enga,

Gulf, and Morobe.

Though these results do not follow exactly our rankings above they are very close.

However, it is important to remember that the SDUI takes into account the incidence of

underperformance as well as the intensity, so the above regression is simply telling us the

characteristics that are important in describing whether a facility is classified as underper-

forming.

When regressing characteristics on the number of inadequacies a facility experiences

OLS is used. Testing for heteroskedasticity using Beusch Pagan’s test does not demonstrate

that heteroskedasticity is present. Results for the probit are significant but most coefficients

imply only a small amount of explanatory power. It is likely that there is omitted vari-

able bias, so all coefficient interpretation should take this bias into account. For instance,

Teacher shortfall is positively correlated with the number of inadequacies a facility experi-

ences with a coefficient of .49, implying facilities with a 10% higher shortfall of teachers

suffer from .05 more inadequacies in the delivery of education services. Again, having a

larger number of teachers is associated with a larger number of inadequacies, but the coef-

ficient is very small considering that the average number of teachers in a facility is 6. The

coefficient implies that if the total number of teachers increases by 1, than the number of

inadequacies increases by .03. Total teachers could be proxying for the size of the facility
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Table 4.9: Regression Results of Characteristics Related to the Number of Inadequacies
Experienced by Facilities

Characteristics Coefficient Standard Error

School Fee .003 .002
Teacher Shortfall .49** .19
Total Number of Teachers .03* .02
Student to Teacher Ratio -.003** .001
Adequate Number of Textbooks .13 .09
Number of Classrooms with a Black-
board

-.01 .01

Any Classrooms with Table and Chair -.03 .08
Any Classrooms with Electricity .15 .13
Enough Boys Toilets .02 .11
Enough Girls Toilets .04 .11
Flush toilet for teachers .04 .22
No toilets for teachers .94 .76
Water Available -.06 .08
Not Poor .4** .17
Poor .32** .14
Very Poor -.24 .18
Accessible -.05 .14
Remote .11 .15
Extremely Remote .01 .04
Primary .21 .2
Government .17 .18
Eastern Highlands -.25 .3
East New Britain -.45 .3
Enga -.71** .29
Gulf .01 .33
Morobe -.28 .29
NCD -.77 .53
West New Britain -.3 .3
Eastern Highlands*Government -.31 .28
East New Britain*Government -.49* .27
Enga*Government -.38 .28
Gulf*Government -.11 .3
Morobe*Government .13 .25
NCD*Government -.23 .49
West New Britain*Government -.32 .28
Eastern Highlands*Primary -.001 .26
East New Britain*Primary .2 .29
Enga*Primary .62** .29
Gulf*Primary -.56* .3
Morobe*Primary -.39 .3
West New Britain*Primary .17 .3
Constant .92*** .34
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and the fact that larger facilities are more difficult to control accountability at the facility.

A higher student teacher ratio is associated with fewer inadequacies. Though this result

is statistically significant the impact is very small. such that if the number of students per

teacher increases by 10 the number of inadequacies the facility experiences decreases by

.03. This slightly negative result could be because teachers feel more accountable when

there are more students that they are teaching.

Poverty has some explanatory power in determining the number of inadequacies a fa-

cility experiences. Facilities located in poor and not poor areas suffer from .3 more inade-

quacies than the facilities located in well off areas. This is equivalent to being inadequate in

one more indicator of Providers or Financing and Resources. Enga is found to have signif-

icantly less inadequacies than Sanduan when taking into account all other characteristics.
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4.5: Policy Analysis

A policy that the National Department of Education in PNG was looking to expand in

2002 was the use of multigrade classes. At the time of the survey, multigrade teaching

allowances were being introduced equivalent to 10% of teachers gross salaries and in ser-

vice training courses were being developed for multigrade teachers. These were to increase

incentives for schools to adopt multigrade classrooms.1 The use of multigrade classrooms

was being pushed by the Department of Education because in many rural areas of PNG

where schools are smaller they could only take new students on a bi-annual basis. (World

Bank (June 2004)) The introduction of multigrade classes would allow more students to

enroll in first grade at the age of 7, the age when students are supposed to start grade 1. It

has also been found in Sub-Saharan Africa that in rural areas with smaller communities,

multigrade classes are more cost effective then monograde classes and improve student at-

tendance and retention rates. (Mulkeen and Higgins (2009)) One of the main purposes of

the PESD survey was to analyze the delivery of services with the knowledge that expendi-

ture in education in PNG would need to be reduced in the future due to high deficits.

Internationally, the impact of multigrade classes has been mixed. In the Netherlands,

Veenman and Raemaekers (1995) found that there was no impact on achievement; while

Mason and Burns (1996) find that there is a negative impact of multigrade teaching due

to lower quality instruction and selection bias by Veenman and Raemaekers (1995). Berry

(2001) found that the introduction of multigrade classes had a positive impact on reading

scores on a standard test in Turks and Caicos, with the largest impact on lower-achieving

students.

In 2002, World Bank (June 2004) found that teachers, head teachers, and education

advisors felt strongly against the use of multigrade classes, and Mason and Burns (1996)

found that there is a negative impact of multigrade teaching on teachers’ quality of instruc-
1It is the schools choice as to whether they want to use multigrade classes.

97



tion in the Netherlands. Kremer et al. (2005) found that there was a slightly negative impact

of multigrade classes on teacher absenteeism.

At the time of the survey, 41% of schools in PNG had multigrade classes. Table 3.5

calculates the SDUI for schools that did and did not have multigrade classes at the time of

the survey. This is simply done as a comparison and not to imply causation. To measure the

prevalence of multigrade classroom use in a school, grade 5’s teacher response to whether

their class was a multigrade classroom is used.

Table 4.10 shows that schools that utilized multigrade classes had better delivery of

education services. Decomposing the SDUI into its components this ranking is consistent

across the components. This result is statistically significant and robust to a change in the

underperformance cutoff and to a change in weights (as can be seen in Appendix B). This

is an interesting result and suggests further research into using the SDUI to evaluate the

impact of multigrade classrooms on education delivery.

Table 4.10: Decomposition of PNG’s SDUI by Policy of Utilizing multigrade classes
Multigrade classes FCR A SDUI

No multigrade classes .48 .59 .285
(.05) (.01) (.03)

Multigrade classes .27 .59 .159
(.05) (.02) (.05)

Setting K=1.5

Community involvement can take many forms, including participation in management

decisions such as the hiring and firing of teachers, curriculum decisions, school construc-

tion, better relations between the community and school, and the payment of fees. It has

been found by Pandey, Goyal and Sundararaman (2008) that increased community involve-

ment through an information campaign in India where the community was informed about

its state mandated roles and responsibilities in school management positively impacted

teacher performance, reduced teacher absenteeism, increased the number of school com-
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mittee meetings, and increased the receipt of cash stipends. It also positively impacted

students reading, writing, and mathematics skills.

However, Banerjee et al. (2010) finds that recruiting and training community volun-

teers to teach low-performing students impacts students test scores, however disseminating

information to villages about rights and responsibilities with respect to education has no

significant impact.

Pradhan et al. (2014) evaluate four randomized interventions aimed at strengthening

school committees (interventions included a grant plus one or a combination of the fol-

lowing: training for school committee members, democratic election of school commit-

tee members, facilitate collaboration between the school committee and village council).

While training measures have little effect, measures that foster the relationship between the

village and school committee including democratic election and facilitating collaboration

yield a positive impact on test scores. They also analyze the impact on measures of school

quality including the number of meetings held by school committees, hours spent by teach-

ers on teaching activities, classroom observation of whether teachers were teaching and

find a positive impact of the interactions on these measures of quality.

As part of the reforms in 2002, PNG stressed the importance for schools to involve

the community in the learning process of students.2 An integrated curriculum with the

students culture and community makes the curriculum more relevant, expands enrollments,

and help improve retention.(Department of Education (2002)) Table 4.11 calculates the

SDUI for schools that did and did not have community involvement in the form of taking

children outside to learn in the community. Taking students to learn in the community

fosters the relationship between the community and the school. The SDUI is higher, and

consequentially the provision of education services is worse, for schools that did not have

community involvement. This result is statistically significant and robust to a change in

the underperformance cutoff and weights. Again, these results are simply a comparison
2It is the school and teachers choice as to whether they want to involve the community in learning.
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of facilities that did and did not participate in one form of community involvement, and it

says nothing about causation. However, these results suggest further research into using

the SDUI to evaluate the impact of community involvement on education delivery to see

how increased relations between the community and school impact multiply inadequate

schools.

Table 4.11: Decomposition of PNG’s SDUI by Policy of Community Involvement
Community Involvement FCR A SDUI

Do not Participate .46 .59 .272
(.05) (.01) (.03)

Participate .28 .59 .166
(.06) (.02) (.03)

Setting K=1.5

To see if the policies explain the classification of whether facilities are underperforming

as well as the number of inadequacies experienced by facilities the same regressions are

run as before including these three policies are included as explanatory variables. Again,

it should be noted that the choice of participating in the policy is likely endogenous, as

it is possible that facilities choose to partake in one of the policies due to poor or better

education delivery. The results also likely suffer from omitted variable bias.

Table 4.12: Summary of Policy Participation
Variable Mean Std Dev Min Max

Multigrade Classroom .41 .5 0 1
Learning in the Community .37 .48 0 1

One can see from Table 4.12 that 41% of facilities have multigrade classrooms and

37% of facilities take children out to learn in the community and thereby better relations

between the community and the school.

From Table 4.13, both policies have a negative correlation with whether a facility is

classified as underperforming. Facilities that take classes out to learn in the community

are 17% less likely to be classified as underperforming and facilities with multigrade class-
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Table 4.13: Regression Results of Characteristics Related to whether a Facility is Deemed
Underperforming Including Policies

Characteristics Marginal Effect Standard Error

Community Learning -.17** .07
Multigrade Teaching -.23*** .06
School Fee .0011 .002
Teacher Shortfall .89*** .2
Total Number of Teachers .04*** .01
Student to Teacher Ratio -.004*** .001
Adequate Number of Textbooks .16*** .05
Number of Classrooms with a Black-
board

-.002 .009

Any Classrooms with Table and Chair -.09 .08
Any Classrooms with Electricity .32* .18
Enough Boys Toilets -.18 .13
Enough Girls Toilets .33*** .11
Flush toilet for teachers .16 .32
No toilets for teachers .83*** .06
Water Available -.29*** .09
Not Poor .08 .17
Poor .07 .12
Very Poor -.2** .11
Accessible .38* .17
Remote .61** .18
Extremely Remote .79*** .14
Primary .3** .13
Government .08 .14
Eastern Highlands -.22** .1
East New Britain -.22*** .06
Enga -.24*** .05
Gulf -.03 .26
Morobe -.53*** .1
NCD -.23*** .04
West New Britain -.15 .11
Eastern Highlands*Government -.22*** .07
East New Britain*Government -.15** .07
Enga*Government -.17*** .05
Gulf*Government -.11 .14
Morobe*Government .89** .05
NCD*Government .83*** .06
West New Britain*Government -.22*** .04
Eastern Highlands*Primary .08 .14
East New Britain*Primary .1 .3
Enga*Primary .45 .35
Gulf*Primary -.2*** .04
Morobe*Primary -.17 .13
West New Britain*Primary .05 .32
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rooms are 23% less likely to be classified as underperforming. Other characteristics are

similar to what was found in our previous probit regression.

Running the same OLS regression in as before including the three policies, Table 4.14

shows that facilities that take part in each of the policies have less inadequacies than those

that do not. Facilities that take students out to learn in the community have .19 less in-

adequacies than those that do not. Facilities that use multigrade classrooms have .24 less

inadequacies than those that do not. Other characteristics are similar to what was found in

our previous OLS regression.

Though it is shown that the performance of education delivery is significantly and ro-

bustly better for countries that have multigrade classrooms and that take students out to

learn in the community, this does not imply causation just correlation (i.e. we cannot state

that introducing these policies will have this impact). Because schools have the option

of adopting both policies we cannot rule out that the choice of adopting is endogenous to

education delivery of facilities. The results strictly show a comparison of facilities that in

2002 did and did not partake in a specific policy. That facilities that partook in the above

policies performed better than those that did not suggests the need for further analysis of

these policies impacts on the delivery of education services using the SDUI as an impact

evaluation tool.

4.6: Conclusion

This chapter applied the SDUI introduced in Chapter 2 of this dissertation to the education

sector of PNG. Though there has been much work that has discussed indicators of inade-

quate education delivery and how these inadequacies impact education outcomes, no work

has been done on creating a single measure of poor performance in education delivery. The

measurement of the poor performance of education delivery can lead to identification of

problems in the delivery of education services and draw attention to them. Focusing on

underperformance is also important from a theoretical perspective (as discussed in chapter

2 of this dissertation). Facilities are providing capabilities to individuals in the commu-

102



Table 4.14: Regression Results of Characteristics Related to the Number of Inadequacies
Experienced by Facilities Including Policies

Characteristics Coefficient Standard Error

Community Learning -.19** .08
Multigrade Classrooms -.24*** .07
School Fee .004** .002
Teacher Shortfall .44** .19
Total Number of Teachers .03* .02
Student to Teacher Ratio -.003** .001
Adequate Number of Textbooks .13 .09
Number of Classrooms with a Black-
board

-.01 .01

Any Classrooms with Table and Chair .03 .08
Any Classrooms with Electricity .23* .13
Enough Boys Toilets .02 .11
Enough Girls Toilets .09 .1
Flush toilet for teachers .07 .25
No toilets for teachers .85 .75
Water Available -.06 .08
Not Poor .23 .17
Poor .2 .14
Very Poor .08 .18
Accessible .03 .14
Remote .23 .15
Extremely Remote .18 .16
Primary .15 .19
Government .04 .17
Eastern Highlands -.43 .3
East New Britain -.66** .3
Enga -.81** .29
Gulf -.27 .33
Morobe -.51* .29
NCD -1* .54
West New Britain -.41 .3
Eastern Highlands*Government -.16 .28
East New Britain*Government -.15 .27
Enga*Government -.22 .29
Gulf*Government .2 .3
Morobe*Government .18 .25
NCD*Government -.07 .49
West New Britain*Government -.24 .27
Eastern Highlands*Primary .1 .26
East New Britain*Primary .32 .29
Enga*Primary .61** .29
Gulf*Primary -.52* .3
Morobe*Primary -.1 .27
West New Britain*Primary .19 .3
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nity that they serve, while underperforming facilities are depriving individuals of those

capabilities. For the purpose of development, we should focus on people that are multiply

deprived.

The application of the SDUI to the education sector used Public Expenditure and Ser-

vice Delivery data for the country of PNG,which as of 2010, the country will be unable

to meet any of the international targets set by the Millennium Development Goals. It was

found that at the country level government facilities outperform private/religious facilities,

a result that is statistically significant and robust. However, the education sector in PNG

is highly decentralized and therefore the analysis of education delivery is decomposed fur-

ther to analyze the rankings within provinces. When analyzing the delivery of education

services within provinces, differences across managing authority and types of facilities

become statistically significant. These results are also robust to a change in the under-

performance cutoff, a change in weights, and a change in adequacy thresholds. An OLS

and Probit regression were done to see what characteristics were correlated with whether

a school is classified as underperforming and the number of inadequacies that a school

has. Results from these regressions were closely related to previous analysis by ranking

the SDUI.

The use of multigrade classrooms as well as the increase of community involvement

in schools are two policies that PNG was interested in expanding. The PESD asks about

whether the school uses multigrade classrooms as well as about community partnerships

with the school. The SDUI was used to compare education delivery across schools that

in 2002 used multigrade classrooms and those that did not, and across schools that had

evidence of community partnership and those that did not. Schools that partook in either

of these were found to outperform schools that did not. This is simply meant as an exercise

to compare the delivery of education services across those facilities that partook ad those

that did not (i.e. simply looking at correlations). However, the results suggest that further
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analysis should be done on analyzing the impact of multigrade classrooms and community

involvement on education delivery using the SDUI as an impact evaluation tool.

An OLS and Probit regression were done to see whether community involvement and

multigrade classrooms have the suggested negative correlation with whether a school is

classified as underperforming and the number of inadequacies that a school has. It is found

both policies have a significant negative correlation in both regressions, noting that there is

endogeneity and omitted variable bias in these regressions.
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Chapter 5: The Unfairness of Poverty Targets

5.1: Introduction

The first target of the MDGs is to half the proportion of people living on less than a dollar a

day. Globally, this target has already been met. (United Nations (2013)) However, progress

in meeting this target has been uneven across countries and regions. Southeast Asia reduced

extreme poverty by 31 percentage points from a headcount ratio of 45% in 1990 to 14%

in 2010. China alone reduced its dollar a day headcount ratio by 48 percentage points.

However, in Sub-Saharan Africa, the dollar a day headcount ratio fell by only 8 percentage

points from 56% in 1990 to 48% in 2010, and the number of people living in extreme

poverty actually rose by over 100 million. The region is projected to miss the poverty

reduction target.

This chapter follows the work of Bourguignon (2002), Ravallion (2012), and Easterly

(2009) in exploring the impact that initial conditions have on a country’s ability to reduce

poverty rates. Though previous work has shown that initial conditions have a negative

impact on a country’s ability to reduce poverty rates, these results have not been quantified

and have relied on the assumption of using the lognormal distribution to approximate the

distribution of income for countries. This chapter shows that the lognormal does a poor

job of approximating income distributions especially for measures of poverty other than

the headcount ratio. It then quantifies the impact that initial conditions have on a country’s

ability to achieve inclusive growth, i.e. reduce poverty given it’s current growth rates.

First, a theoretical argument is given for the paper where examples are given to demon-

strate the importance of where the poverty line intersects the distribution with respect to

poverty reduction that a country experiences. Over the period of 1995 to 2008, Costa

Rica experience a growth rate twice the value of Brazil’s, however Brazil reduced their

headcount ratio by 12 percentage points versus Costa Rica’s 7 percentage point reduction.
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Analyzing the distributions shows that where the poverty line intersects the distribution

sheds light on why this is the case.

A framework is developed to quantify how much harder it is for countries to achieve

poverty reduction with their given level of growth. Specifically, the framework gives all

countries the same initial conditions (average per capita income and inequality), while

maintaining the countries level of income growth, and quantifies the counterfactual reduc-

tion in poverty.

The framework is then applied using Povcal data as well as household survey data from

countries in Latin America. First, an analysis is done for the $2.5 a day line. Counterfactual

poverty reduction rates are calculated and compared to actual poverty reduction rates of 74

countries. Significant differences are found. After equalizing initial conditions poorer

countries are much more able to achieve high rates of poverty reduction (in % terms) given

their original growth rates. This holds for different measures of poverty as well as different

poverty lines. Therefore, poorer countries are penalized for their initial conditions in terms

of their ability to achieve inclusive growth. This is the same result as was found by Easterly

(2009), however this chapter quantifies these results using a better approximation of the

distribution then the lognormal and extends the conclusion of Easterly (2009) to the poverty

gap.

However, when poverty reduction is measured in percentage points there is no sig-

nificant impact from giving countries the same initial conditions while maintaining each

countries growth rate. When poverty reduction is measured using the poverty gap, poor

countries achieve significantly higher inclusive growth than wealthier countries. Imply-

ing that for the Post-2015 Development Agenda targets should be set in percentage point

changes and not percentage changes.

Next an analysis is done for the $1 a day line. This relates the results to the first tar-

get of the MDGs to discern whether countries are more able to reduce poverty rates given

their current level of growth rates when initial conditions are equalized across countries.
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Comparing the counterfactual poverty reduction to actual poverty reduction for 38 coun-

tries does show that equalizing initial conditions results in poorer countries being able to

reduce poverty by more given their current growth rates, however these results are not sta-

tistically significant due to the smaller movement of the distribution when equalizing initial

conditions in this small group of countries. However, substantial differences remain.

Section 5.2 reviews the relevant literature. Section 5.3 presents the theoretical argument

and framework. Section 5.4 summarizes the data and presents the application of the frame-

work. Section 5.5 summarizes the results from applying the framework using the $2.5 a

day poverty line and the $1 a day poverty line. Section 5.6 concludes.

5.2: Literature Review

Work on the impact that the initial distribution of a country has on future levels of growth

and poverty reduction is not new. In Frankema (2005) it is shown that in colonies where

there was high inequality during settlement, worse institutions were formed and future

growth rates were significantly hindered, while colonies that were settled with relative

equality among settlers had better institutions formed, resulting in better growth rates.

Bourguignon (2002) and Bourguignon (2004) analyze the identity that links poverty

reduction, mean income growth, and distributional change. Permanent redistribution of

income is shown to pay two roles in the reduction of poverty: first through a distribution

effect, and second through an acceleration of poverty reduction due to a permanent increase

in the growth elasticity of poverty. Using lognormal approximations and a regression anal-

ysis it is shown that the growth elasticity of poverty is a decreasing function of the initial

mean income implying that countries with a lower initial mean income have smaller growth

elasticities of poverty. It also finds that the inequality elasticity of poverty depends on the

initial level of inequality such that a higher level of initial inequality reduces inequality

elasticity of poverty. Initial conditions thus, can play a crucial role in the transformation of

growth into poverty reduction, with poorer countries having in general a lower elasticity of

poverty to growth and changes in inequality.
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Ravallion (2012) tries to answer the question of why countries starting with higher

poverty rates do not see higher proportionate rates of poverty reduction. Using a

dataset for 100 developing countries he shows that two poverty effects work against

mean-convergence. High levels of initial poverty are associated with low growth rates,

controlling for the initial mean income. At the same time high poverty rates make eco-

nomic growth less effective in reducing poverty. His analysis, however, focuses more on

causal links, and less on the mechanical impact of initial conditions. Moreover, by using

regression methodologies, the analysis fails to capture nonlinear effects.

Easterly (2009) shows theoretically how initial conditions have impacted poverty re-

duction in Africa and inhibited the continent from meeting the poverty target in the MDGs.

Given a log-normal distribution of income, countries with low initial per capita incomes

are found to have low poverty elasticities of growth and therefore a higher growth of mean

income is required to achieve the same percentage reduction in poverty as in a country

with a higher per capita income. By having the lowest per capita income of any region,

Africa is disadvantaged in its goal of cutting poverty in half. The continent would need a

higher economic growth than other regions to attain the goal, in order to compensate for

its low-poverty elasticity. Easterly (2009), remains a theoretical argument that relies upon

the assumption of log normality and does not discuss the impacts on different measures of

poverty.

On the other hand, Dollar and Kraay (2001) find that average incomes of the poorest

fifth of society rise proportionately with average incomes using a sample of 92 countries.

They find that the share of income accruing to the bottom quintile does not vary system-

atically with average income. Similar results are found in Dollar, Kleineberg and Kraay

(2013) for the bottom two fifths of societies. These results imply that growth has no addi-

tional benefits for the poor (as it benefits the poor and non-poor equally). However, these

results do not hold when using different poverty lines.
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None of this work has quantified the impact that initial conditions have on a country’s

ability to achieve inclusive growth, i.e. the impact on a country’s ability to reduce poverty

of initial conditions given the current growth rate.

5.3: Theoretical Argument and Framework

Figure 5.1 summarizes the main theoretical argument on which the chapter is based. Con-

sider two countries with identical distributions of income, but with different means, where

the mean income in country A is lower than the mean income in country B. Assume, as

is shown in the figure, that the poverty line crosses both distributions on the right of the

distribution’s peak (i.e., this is the case of two countries where a majority of the population

is poor). Given equal growth rates in average income, poverty reduction rates will look

very different in both of these countries as more people will cross the poverty line in the

wealthier country. This is strictly because the two distributions intersect the poverty line at

different places.

Figure 5.1: Distribution of Income and Poverty for Brazil in 195
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Income distributions for the countries of Brazil and Costa Rica for the years 1995 and

2008 are shown in Figures 5.2 - 5.5, estimated using kernel densities, along with the $2.5 a
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day poverty line. In Brazil in 1995 the $2.5 a day poverty line intersected the distribution

just to the right of the peak of the income distribution while in Costa Rica it intersects

just to the left of the peak of the distribution. Between 1995 and 2008 Brazil experienced

an annual growth rate of 1% per year with a reduction of poverty (as measured by the

headcount ratio) of 12 percentage points while Costa Rica had an annual growth rate of 3%

per year and a poverty reduction of only 7 percentage points. Figures 5.4 and 5.5 show that

in Brazil in 2008 growth in the mean income resulted in the $2.5 a day poverty line now

intersecting just to the left of the peak. While in Costa Rica, the poverty line is still to the

left of the distributions peak. Because of where the poverty line intersected the distribution

in Brazil in 1995, it was easier for growth to positively impact poverty reduction in Brazil

then Costa Rica.

Figure 5.2: Distribution of Income and
Poverty for Brazil in 1995
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Figure 5.3: Distribution of Income and
Poverty for Costa Rica in 1995

0
.0

5
.1

.1
5

.2
D

en
si

ty

0 10 20 30 40 50
Per Capita Daily Income in 2005 PPP USD

Kernel density estimate
y/yb

kernel = epanechnikov, bandwidth = 0.4000

Distributioncos95

The first target of the MDGs sets a target of reducing extreme poverty by half for all

countries. However, from the example above one can see that many countries could be

penalized simply due to their initial distribution of incomes and where the extreme poverty

line intersects it. As can be seen in the example above, countries reduction in poverty rates

can be significantly bolstered or hindered by the location of the poverty line relative to the

distribution of income.
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Figure 5.4: Distribution of Income and
Poverty for Brazil in 2008
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Figure 5.5: Distribution of Income and
Poverty for Costa Rica in 2008
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5.3.1: Framework

A framework is developed to quantify the counterfactual reduction in poverty, given current

growth rates, when all countries are given the same initial conditions. This will allow us

to quantify the impact that poor initial conditions have on a country’s ability to achieve in-

clusive growth, i.e. how much initial conditions affect a country’s ability to reduce poverty

given a level of growth. Theoretically, consider a space of income distributions f(y, µ,G)

characterized by two parameters: average income µ, and an inequality index G. A poverty

index H(z, µ,G) can be mapped to each income distribution as follows:

H(z, µ,G) =
R1
0

h(y, z)f(y, µ,G)dy (1)

Where z can be thought of as the poverty line, and h(y, z) a function that can be inte-

grated. Observe that common indexes, such as the poverty headcount, the poverty gap, and

the squared poverty gap can all be expressed in a form compatible with (1). For a poverty

line z, changes in poverty between the two periods (0 and 1) with income distributions

f(y, µ
0

, G
0

) andf(y, µ
1

, G
1

) can be expressed as: H(µ
1

, G
1

)�H(µ
0

, G
0

)

When computing counterfactual poverty changes, each country is given the median of

the initial parameters in the sample of countries (µ̄
0

, Ḡ
0

), but keeps its specific growth
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�Ĥc = H(✏c
µ

µ̄
0

, ✏c
G

Ḡ
0

)�H(µM

0

, µG

0

) (2)

Therefore �Ĥc represents the counterfactual reduction in poverty for a country, given

its current growth rates, when it is given the same initial conditions as all other countries.

5.4: Data and Application of the Framework

5.4.1: Data

The main data source of the analysis is the World Bank’s Povcal database.1 The Povcal

database includes mean expenditures of income (in 2005 USD PPP terms) as well as pa-

rameters that describe the Lorenz curves (using the General Quadratic and the Beta Lorenz

curve approximations2) for 131 countries. Since no parametric information is provided

for Latin America, nationally representative household survey data are used for 18 Latin

American countries.

When applying the framework to the $2.5 a day poverty line, the timeframe of 1995 to

2008 is used to capture the largest number of countries. For some countries the time frame

slightly diverts from these two reference years, so results are reported in terms of average

annual changes. Out of the 84 countries available in the Povcal database and available

through national surveys, countries that had poverty rates below 5 percent in 1995 are

excluded. These countries are excluded because approximations of poverty changes have

high errors in these countries. Georgia is also excluded from the analysis, as it is a clear

outlier with poverty rates more than doubling in the period. Therefore 74 countries will be

used, which can be found in Appendix C Table C1.

When applying the framework to the $1 a day poverty line, the timeframe of 1990 to

2008 is used to capture the largest number of countries. For the same reason as above,

the sample will only include countries that had a rate of extreme poverty in 1990 above
1This data can be found at http://iresearch.worldbank.org/PovcalNet.
2These approximations are explained further in Appendix C.
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10 percent. The sample for this simulation will be 38 countries which can be found in

Appendix C Table C2.

5.4.2: Application of the Framework

The accuracy of the simulations for µ and G will rely on the accuracy of the parameterized

income distributions. The lognormal approximation has been used in previous research

and can be used to estimate poverty rates and calculate counterfactual poverty rates with

the Povcal data. The General Quadratic and Beta Lorenz approximations can also be used

as these are the approximations of the lorenz curve used to estimate the parameters in the

Povcal data set.3 The best fit of the General Quadratic and Beta Lorenz approximations is

used to calculate poverty rates in the Povcal software. These two approximations are used

to be in consensus with previous research.4.

Figures 5.6-5.8 compare the accuracy of the lognormal and best fit of the Beta Lorenz

and General Quadratic parametric approaches (using data for Latin America) in predicting

the headcount ratio, poverty gap, and squared poverty gap for the sample of 74 countries

in 1995. Only Latin American countries are used because of the availability of survey

data for these countries, which can be used to obtain direct estimates of the poverty rates.

The predicted poverty rate is compared to the actual poverty calculated from the survey

data. One can see that the best fit of the General Quadratic and Beta Lorenz does a better

job at approximating poverty, especially in Figures 5.7 and 5.8. This can also be seen in

Appendix C where the actual and predicted poverty rates are given as well as the sum of

squared errors for each approach.

Figures 5.9-5.11 compare the accuracy of the parametrizations in predicting the reduc-

tion in poverty over the period. Again the best fit of the General Quadratic and Beta Lorenz

does a better job at approximating reductions in poverty. This can also be seen in Appendix

C where the actual and predicted rates of poverty reduction are given as well as the sum of
3See Appendix C for more information on the calculation of these parametrizations.
4Other approximations for the distribution could used if found to be a better fit then the two approaches

used here
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Figure 5.6: Actual vs. Predicted Headcount Ratio (Latin America, 1995)
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Figure 5.7: Actual vs. Predicted Poverty Gap (Latin America, 1995)
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Figure 5.8: Actual vs. Predicted Squared Poverty Gap (Latin America, 1995)
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squared errors for each parameterization. For the squared poverty gap neither approxima-

tion does an adequate job of predicting the reduction in the actual squared poverty gap as

can be seen by the high sum of squared errors for both approximations in Appendix C. It is

for this reason that simulations are not run with respect to the squared poverty gap.

Though the best fit of the General Quadratic and Beta Lorenz approximations is a more

accurate approximation of the income distribution, note that the framework above only

allows for inequality to be represented by one parameter, G. Consider, for instance, the

General Quadratic approximation where the Gini is approximated by three parameters a, b

and c. Simulations require each country to be given the median level of inequality and to

allow this level of inequality to grow at the country’s specific growth rate, but it is not clear

which parameter of the three should be changed as there are infinite combinations of the

parameters that will give the median Gini value and infinite combinations that will result

in the same growth rate of inequality and each will impact the ultimate change in poverty

and the shape of the income distribution differently. This implies that if this parametric
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Figure 5.9: Actual vs. Predicted % Reduction in Headcount Ratio (Latin America, 1995-
2008)
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approximation of the distribution is used, counterfactual simulations can only be done with

respect to the mean income per capita and not inequality. In the results below the more

accurate best fit of the General Quadratic and Beta approximations is used. This implies

that all the simulations will be run with respect to a change in the mean income (inequality

will be allowed to remain at its original levels in both periods).

5.5: Results

5.5.1: $2.5 A Day Poverty Line

The framework is applied to the sample of 74 countries using the $2.5 a day poverty line.

First, countries will be ranked by their actual and counterfactual reduction in poverty to

see what the impact of poor initial conditions is on a country’s ability to achieve inclu-

sive growth.5 The advantage of analyzing changes in rankings instead of changes in actual

poverty is that the ranking by counterfactual poverty reduction only depends on the as-
5Rankings are done from the best performers in reducing poverty (1) to the worst performers in reducing

poverty (74)
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Figure 5.10: Actual vs. Predicted % Reduction in Poverty Gap (Latin America, 1995-2008)
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Figure 5.11: Actual vs. Predicted % Reduction in Poverty Gap (Latin America, 1995-2008)
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sumption of giving equal initial average income to all countries, not on the specific value

chosen. This is because the poverty index decreases monotonically with average income.

Therefore, only growth affects the rank and not the value chosen as an equalizing initial

condition.

Figure 5.12 presents the results from ranking the actual reduction in the headcount ratio

in percentage terms over the time period relative to each country’s daily initial mean income

per capita. A decreasing (and statistically significant) relation between initial average in-

come and the ranking by actual poverty reduction is observed before the counterfactual

analysis is done. The poorest countries in the sample, such as Malawi, Madagascar and

Burundi, have the worst rankings, while many of the wealthiest countries, such as Rus-

sia, Chile and Malaysia, have the best ranking. This implies that richer countries better

managed to reduce poverty and coincides with what has been found in previous research.

Figure 5.13 presents the counterfactual reduction in the headcount ratio over the time

period relative to each country’s daily initial mean income per capita. The ranking of

countries by their counterfactual reduction in poverty is dramatically different from the

ranking by actual poverty reduction. When analyzing the ranking by counterfactual poverty

reduction a statistically significant positive relationship between initial average income and

ranking by poverty reduction is observed. For instance, Mali, Nepal, and Niger which

previously performed poorly are now among the best performers in poverty reduction,

implying that equalizing initial conditions allowed these countries to better reduce poverty

rates in % terms given their current levels of growth.6

From this point on the actual reductions in poverty will be used instead of rankings.

Figure 5.14 presents the difference between the actual and counterfactual reduction in the

headcount ratio in annualized percentage terms over the time period relative to each coun-

try’s daily initial mean income per capita. In this way we can analyze how much countries

are penalized in terms of their ability to reduce poverty given their current growth rates due
6Statistical significance results are located in Appendix C.
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to different initial conditions. The relationship is statistically significant positive, implying

that poorer countries are significantly less able to reduce poverty given their current growth

rates due to starting out at a low initial mean per capita income.7 This result follows the

results of Easterly (2009) that it is harder for poor countries to reduce poverty in % terms.

The same analysis is now done for the poverty gap. Figure 5.15 presents the results

when calculating the difference between the actual and counterfactual reduction in the

poverty gap in annualized percentage terms.8 Results continue to hold that poorer coun-

tries are significantly hindered in their ability to achieve inclusive growth given their cur-

rent growth rates. There seems to be little impact from changing to the poverty gap. Thus

extending Easterly (2009)’s results to the poverty gap, implying that it is harder for poor

countries to reduce poverty in % terms not only when it is measured by the headcount ra-

tio but also when it is measured by the poverty gap. Implying that changing the poverty

measure has no impact on the fact that the firs target of the MDGs is unfair to the poor.

Figures 5.16 and 5.17 present the same results as above now measuring poverty reduc-

tion by an annualized percentage point change in the headcount ratio and poverty gap over

the time period. Figure 5.16 graphs the difference between the actual and counterfactual

reduction in the headcount ratio in annualized percentage point terms over the time pe-

riod relative to each country’s daily initial mean income per capita. One can see that the

relationship remains positive but this is no longer statistically significant.9

Figure 5.17 presents the same results as Figure 5.16 when using the poverty gap instead

of the headcount ratio. When the poverty gap is used the results are statistically significant

negative, such that poor countries are more able to achieve inclusive growth due to their

initial conditions. This is because the actual reduction in poverty (when measured by the

poverty gap) is larger for poor countries than wealthy countries. When equalizing initial
7Statistical significance results are located in Appendix C. Actual poverty reduction rates and counterfac-

tual poverty reduction rates are located in the appendix
8Statistical significance results can be found in Appendix C.
9See Appendix C for the statistical significance results and corresponding the actual and counterfactual

reductions in poverty.
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conditions are given to all countries given their current growth rate, poor countries and

wealthy countries have the same ability in achieving inclusive growth.

These results imply, similar to Easterly (2009), that in the Post 2015 framework we

do not want to use targets in percentage terms as this implies that poorer countries will be

penalized significantly. This paper then extends this result to the poverty gap, implying that

using the poverty gap does not ameliorate this problem. However, using percentage point

changes does not suffer from this problem. When using percentage point changes poor

countries are not penalized for having a lower mean income using either the headcount

ratio or the poverty gap. When using the poverty gap, poor countries are seen to be more

able to achieve inclusive growth.

5.5.2: $1 A Day Poverty Line

The framework is applied to the sample of 38 countries using the $1 a day poverty line in

order to see if results continue to hold for this new poverty line. For these 38 countries,

Ghana’s average average income per capita in 1990 (1.6 dollars a day) is the median and

therefore is used as the equalizing initial condition.

The analysis for the $2.5 a day poverty line comprised a quite heterogeneous group,

from low to middle income countries. The equalization of initial average income across

all of these countries resulted in major shifts of where the poverty thresholds crossed the

income distribution. Because this subgroup of countries is more similar in initial average

income than the larger group of countries from the previous analysis, the difference be-

tween actual and the counterfactual poverty reduction rates, though continuing to hold, are

no longer statistically significant for this group. (Similar figures to those used in the $2.5 a

day analysis are presented in Appendix C for this group of countries.)

Figure 5.18 presents results for annual percentage changes in the headcount ratio by

region. Percentage changes are used as the first target of the MDGs states that extreme

poverty be reduced by half. Results are presented by region as this is typical of the MDG

Reports. Southern Asia’s counterfactual percentage reduction in the headcount ratio is al-
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most 1 percent higher than its actual percentage reduction in the headcount ratio. Latin

America now has a smaller counterfactual percentage reduction in the headcount ratio by

over 1 percent. Sub-Saharan Africa has very little difference between counterfactual and

actual changes in poverty (a result that differs from Easterly). However, note that in the

analysis above that many of the African countries had the lowest mean income and there-

fore had the largest impact from calculating the counterfactual poverty rates.

Figure 5.18: Actual and Simulated Annual Changes in Extreme Poverty Gap by Region,
1990-2008
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5.6: Conclusion

This chapter followed the work of Bourguignon (2002), Ravallion (2012), and Easterly

(2009) in exploring the impact that initial conditions have on a country’s ability to reduce
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poverty rates. Though previous work has shown that initial conditions have a negative

impact on a country’s ability to reduce poverty rates, these results have not been quantified

and have relied on the assumption of using the lognormal distribution to approximate the

distribution of income for countries. This chapter showed that the lognormal does a poor

job or approximating income distributions especially for measures of poverty other than

the headcount ratio. It then quantified the impact that initial conditions have on a country’s

ability to achieve inclusive growth, i.e. reduce poverty given it’s current growth rates.

First, a theoretical argument was given for the paper with examples of distributions

from Latin America to demonstrate the importance of where the poverty line intersects the

distribution with respect to poverty reduction that a country experiences. Then, a frame-

work was developed to quantify how much harder it is for countries to achieve poverty

reduction with their given level of growth. Specifically, the framework gave all countries

the same initial conditions (average per capita income and inequality), while maintaining

the countries level of income growth, to quantify counterfactual reductions in poverty.

The framework was then applied using Povcal data as well as household survey data

from countries in Latin America. First, an analysis was done for the $2.5 a day line. Coun-

terfactual poverty reduction rates were calculated and compared to actual poverty reduction

rates for 74 countries. Significant differences were found. After equalizing initial condi-

tions poorer countries were better able to achieve high rates of poverty reduction in %

terms given their original growth rates. However, when poverty reduction was measured

in percentage points there was no significant impact from giving countries the same ini-

tial conditions while maintaining each countries growth rate, implying countries were not

significantly hindered in achieving inclusive growth due to their initial conditions. When

poverty reduction is measured using the poverty gap, poor countries achieve significantly

higher inclusive growth than wealthier countries.

Next an analysis was done for the $1 a day line. Comparing the counterfactual poverty

reduction to actual poverty reduction for 38 countries does show that the same results con-
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tinue to hold, however they are not statistically significant due to the smaller movement of

the distribution when equalizing initial conditions in this small group of countries. How-

ever, substantial differences remain.

The results found imply, similar to Easterly (2009), that in the Post-2015 framework

we do not want to use targets in percentage terms as this implies that poorer countries

will be penalized significantly. This paper then extends this result to the poverty gap,

implying that using the poverty gap does not ameliorate this problem. However, using per-

centage point changes does not suffer from this problem. When using percentage point

changes poor countries are not penalized for having a lower initial mean income using ei-

ther the headcount ratio or the poverty gap. When using the poverty gap, poor countries

are seen to be more able to achieve inclusive growth. Therefore the Post 2015 Develop-

ment Agenda should use a target of a percentage point decrease in poverty rather than a

percentage change.
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Chapter 6: Conclusion

The Millennium Development Goals (MDGs) target date of 2015 is rapidly approaching.

There have been many determined successes and failures as a result of these goals. The

Post-2015 Development Agenda will build off of these successes and failures. Many pro-

posals for this new agenda are already circulating and this dissertation can be used to further

the debate.

Many countries will be unable to meet health and education goals of the MDGs (which

make up more than half of the goals) despite an increase in health and education funding.

This has put an increased emphasis on the measurement of the quality of delivery of health

and education services. Ensuring that all students have equal quality education and that all

people receive good quality healthcare has already been suggested by the High Level Panel

Report as well as international organizations such as Save the Children to be included in

the new Post-2015 goals.

Chapter 2 defined a new methodology for measuring the underperformance of service

delivery. Though there has been much work that has discussed how inadequacies in service

delivery impact health and education outcomes no work has been done on measurement of

poor performance in the delivery of services. The measurement of the poor performance of

service delivery can lead to identification of problems in the delivery of services and draw

attention to them. The SDUI measures the underperformance, or multiple inadequacies,

in service delivery that facilities experience and which negatively impact the surrounding

population. Sen’s theory of development and Foster and Handy (2008a)’s definition of

external capabilities were used to necessitate an index of underperforming service delivery.

Each facility is considered to give potential patients in the area additional capabilities or

freedoms by providing quality services. Because development is considered the expansion
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of peoples freedoms, we should focus on those individuals with multiple deprivations of

freedoms.

The SDUI is created by adapting the Alkire and Foster (2011) methodology used for

poverty measurement to service delivery. The Alkire and Foster (2011) methodology al-

lows the index to satisfy numerous properties. It concentrates on underperformance and

those dimensions facilities are inadequate in. It takes into account the breadth of inadequa-

cies that a facility has. It is decomposable by subgroup and by dimension and indicator,

properties that are necessary for the application of the index for policy. It also allows for

the use of ordinal variables.

The possible dimensions and indicators that have been used in previous research to

reflect the underperformance of service delivery in the health and education sector are dis-

cussed. It was shown how these could be combined using the Alkire and Foster (2011)

methodology using facilities as the unit of analysis. Lastly, the use of statistical signifi-

cance tests to determine the statistical significance of the rankings determined by the SDUI

and how the literature has looked at robustness of results to changes in the thresholds and

weights chosen is discussed.

Chapter 3 used the SDUI to analyze healthcare delivery using DHS:SPA survey data for

Rwanda, Uganda, and Tanzania. A cross-country comparison of healthcare delivery was

made and it was found that Rwanda had the best delivery of healthcare services, despite

being ranked below Uganda and Tanzania for some health variables. This result was found

to be statistically significant and robust. The benefit of this type of analysis is that even

though it does not aid countries in terms of policy, the measurement of the underperforming

healthcare delivery will draw attention to those countries that are not providing adequate

delivery of healthcare services to people so that healthcare delivery can be improved.

Second, the SDUI was decomposed for Rwanda by the type of facility, governing au-

thority of facilities, and province where facilities are located. It was found that health

posts, dispensaries, and clinics were the worst at delivering healthcare services, while hos-
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pitals were the best. This result is statistically significant and is robust. The rankings by

governing authority and province were not robust. However, regressions were run to deter-

mine what characteristics are significantly correlated with the index and it was found that

the managing authority and province where a facility are located are both determinants of

whether a facility is classified as underperforming and the number of inadequacies a facility

experiences.

It was also shown how the index could be further decomposed for countries with decen-

tralized healthcare sectors to show how provincial government could make improvements

to healthcare delivery. This analysis is more relevant for policymakers as it measures those

facilities that are delivering the worst services to individuals and therefore the targeting of

these facilities will target those people in the communities of those facilities that are not

being given the capability of quality healthcare.

Lastly, the SDUI was used to compare healthcare delivery for facilities that did and

did not participate in three policies that have been used in many countries to improve the

delivery of healthcare services. This was done not to show causation of the policy, but

correlation. It was found that for each of the policies, there was better healthcare delivery

for facilities that partook in the policy. However, this result is only robust for community

involvement. Hopefully these results will act as an incentive for future research to use the

SDUI for the purpose of evaluating the impact of community involvement on healthcare

delivery.

Chapter 4 applied the SDUI to the education sector of Papua New Guinea (PNG) using

Public Expenditure and Service Delivery data. As of 2010 PNG will be unable to meet any

of the international targets set by the Millennium Development Goals. It was found that

at the country level government facilities outperform private/religious facilities, a result

that is statistically significant and robust. However, the education sector in PNG is highly

decentralized and therefore the analysis of education delivery is decomposed further to

analyze the rankings within provinces. When analyzing the delivery of education services

133



within provinces, differences across managing authority and types of facilities are apparent

across provinces. An OLS and Probit regression were done to see what characteristics were

correlated with the index. Results from these regressions were closely related to previous

rankings by the SDUI.

The use of multigrade classrooms as well as the increase of community involvement in

schools are two policies that PNG was interested in expanding at the time of the survey.

The PESD asks about whether the school uses multigrade classrooms as well as about com-

munity partnerships with the school. The SDUI was used to compare education delivery

across schools that in 2002 used multigrade classrooms and those that did not, and across

schools that had evidence of community partnership and those that did not. Schools that

partook in either of these were found to outperform schools that did not. This is simply

meant as an exercise to compare the delivery of education services across these facilities.

However, the results suggest that further analysis should be done on analyzing the impact of

multigrade classrooms and community involvement on education delivery using the SDUI

as an impact evaluation tool.

An OLS and Probit regression were done to see whether community involvement and

multigrade classrooms have the suggested negative correlation with whether a school is

classified as underperforming and the number of inadequacies that a school has. It is found

both policies have a significant negative correlation in both regressions, noting that there is

endogeneity and omitted variable bias in these regressions.

The failure of countries in Africa to meet the poverty target of the MDGs has put an

increased emphasis on researching the impact that initial conditions have on poverty re-

duction. The work of Easterly (2009) has been used to inform the Post-2015 development

agenda debate on the next poverty target that should be set. This paper validated East-

erly (2009)’s theoretical argument and quantified the impact that initial conditions have on

a country’s ability to achieve inclusive growth, i.e. reduce poverty given current growth

rates.
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First, a theoretical argument was given for the paper. Then, a framework was developed

to quantify how much harder it is for countries to achieve poverty reduction with their given

level of growth. Specifically, the framework gave all countries the same initial conditions

(average per capita income and inequality), while maintaining the countries level of income

growth, to quantify counterfactual reductions in poverty.

The framework was then applied using Povcal data as well as household survey data

from countries in Latin America. First, an analysis was done for the $2.5 a day line. Coun-

terfactual poverty reduction rates were calculated and compared to actual poverty reduc-

tion rates for 74 countries. Significant differences were found. After equalizing initial

conditions poorer countries were better able to achieve high rates of poverty reduction in

percentage terms given their original growth rates. However, when poverty reduction was

measured in percentage points there was no significant impact from giving countries the

same initial conditions while maintaining each countries growth rate, implying countries

were not significantly hindered in achieving inclusive growth due to their initial condi-

tions. When poverty reduction is measured using the poverty gap, poor countries achieve

significantly higher inclusive growth than wealthier countries.

Next an analysis was done for the $1 a day line. Comparing the counterfactual poverty

reduction to actual poverty reduction for 38 countries does show that the same results con-

tinue to hold, however they are not statistically significant due to the smaller movement of

the distribution when equalizing initial conditions in this small group of countries. How-

ever, substantial differences remain.

The results found imply, similar to Easterly (2009), that in the Post-2015 framework

we do not want to use targets in percentage terms as this implies that poorer countries

will be penalized significantly. This paper then extends this result to the poverty gap,

implying that using the poverty gap does not ameliorate this problem. However, using per-

centage point changes does not suffer from this problem. When using percentage point

changes poor countries are not penalized for having a lower initial mean income using ei-
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ther the headcount ratio or the poverty gap. When using the poverty gap, poor countries

are seen to be more able to achieve inclusive growth. Therefore the Post 2015 Develop-

ment Agenda should use a target of a percentage point decrease in poverty rather than a

percentage change.
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Appendix A:

A.1: Robustness to Change in Underperformance Threshold

Figure A1 to A7 show the robustness of the rankings to a change in the underperformance

threshold (or cutoff). The ranking for the cross-country analysis is robust to a change in the

threshold. The ranking for facility types and governing authority in the analysis for Rwanda

are also robust to a change in the threshold. The ranking between the North and all other

provinces is robust, such that the North outperforms all other provinces for all possible

underperformance cutoffs. The ranking by participation in a given policy is robust to a

change in the underperformance threshold for community involvement and health worker

pay for performance. However, the ranking is not robust for health worker opportunity for

advancement.

Figure A.1: Robustness of Cross-Country SDUI Ranking to the Underperformance Cutoff
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Figure A.2: Robustness of SDUI Ranking by Facility Type to the Underperformance Cutoff
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Figure A.3: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff
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Figure A.4: Robustness of SDUI Ranking by Province to the Underperformance Cutoff
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Figure A.5: Robustness of SDUI Ranking by Participation in Community Involvement to
the Underperformance Cutoff
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Figure A.6: Robustness of SDUI Ranking by Participation in Health Worker Pay for Per-
formance to the Underperformance Cutoff
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Figure A.7: Robustness of SDUI Ranking by Participation in Health Worker Opportunity
for Advancement to the Underperformance Cutoff
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A.2: Robustness to Change in Weights

The statistically significant rankings are now tested for their robustness to a change in

weights. The different weighting schemes are the same as specified in Alkire and San-

tos, where a weight of 50% is put on each respective dimension and the other dimensions

receive equal weights. In this way, the dimension with a weight of 50% receives twice

the weight as the other dimensions. So when a weight of 50% is put on funding and re-

sources, this implies that effective use of funding and resources is weighted as two times

as important as the effective use of infrastructure and the effective use of providers.

Table A1: Cross-Country SDUI Ranking- Robustness to Changing Weights
Pairwise Comparison Pearson’s

Correlation
Coefficient

Spearman’s
Correlation
Coefficient

Kendall’s Tau
Correlation
Coefficient

Equal Weights and 50%
Weight on Funding and
Resources

1 1 1

Equal Weights and 50%
Weight on Infrastructure

.82 .5 .33

Equal Weights and 50%
Weight on Providers

1 1 1

Setting K=1.5

The cross-country ranking is relatively robust to the changing of weights. Where the

ranking is less robust is when a weight of 50% is put on the Infrastructure dimension.

When this occurs, the ranking between Uganda and Tanzania reverses, though the ranking

for Rwanda and Uganda and Rwanda and Tanzania remains consistent such that Rwanda

outperforms both countries. For this reason, one can conclude that the results that Rwanda

outperforms both countries is robust to a change in weights, but one cannot conclude that

Tanzania performs the worst out of all countries. The reason for this can be seen in Uganda

and Tanzania’s compositions of underperformance. Uganda has a much larger contribu-

tion from Institutions than Tanzania, and so by placing more weight on this dimension the

ranking changes.

145



Table A2: Within-Country SDUI Ranking by Facility Type - Robustness to Changing
Weights

Pairwise Comparison Pearson’s
Correlation
Coefficient

Spearman’s
Correlation
Coefficient

Kendall’s Tau
Correlation
Coefficient

Equal Weights and 50%
Weight on Funding and
Resources

.95 1 1

Equal Weights and 50%
Weight on Infrastructure

1 1 1

Equal Weights and 50%
Weight on Providers

.98 1 1

Setting K=1.5

The ranking by facility type in Rwanda is robust to a change in the weighting scheme.

The ranking does not change for any of the types of facilities no matter the weighting

scheme used. The rankings by province and managing authority in Rwanda are not checked

here as they are not statistically significant or robust to a change in the underperformance

threshold.
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A.3: Robustness to Change in Adequacy Thresholds

The frequency with which supplies are received uses whether the facility received the

amount of medicine ordered always, always but not often, or almost never over the past

6 months as an indicator. The adequacy cutoff was not stipulated by the DHS, so in the

above analysis it was set at always, such that if a facility received an order not always but

often, or almost never the facility was deemed inadequate in this indicator. As a robustness

check for this cutoff, Table A3 and A4 calculate the rank coefficients when the adequacy

cutoff is not always but often, such that a facility is deemed inadequate only if medicine is

almost never received.

For training available to providers, the DHS lists 5 basic training courses that should be

offered in an adequate facility. Adequacy requires that at least half of these training courses

be offered, as it is possible that none of the providers interviewed were managers, and one

of the courses was directly related to managerial duties. A course was deemed available to

providers if any of the interviewed providers partook in the class. As a robustness check

to this adequacy cutoff Tables A3 and A4 calculate the rank coefficients changing the ade-

quacy cutoff to that specified by the DHS, that if over half of the providers partook in any

of the training courses, the facility was deemed adequate.

Tables A3 and A4 change the adequacy cutoffs in the way stipulated above and it is

found that the ranking remains robust for both the cross country ranking and the ranking

by facility type in Rwanda.
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Table A3: Cross-Country SDUI Ranking- Robustness to Change in Adequacy Threshold
Pairwise Comparison Pearson’s

Correlation
Coefficient

Spearman’s
Correlation
Coefficient

Kendall’s Tau
Correlation
Coefficient

Supply Frequency “Not
always but often”

.98 1 1

Training “Over half
partake in any training
course”

.99 1 1

Both Supply Frequency
and Training cutoff
changes

.99 1 1

Setting K=1.5

Table A4: Within-Country SDUI Ranking by Facility Type- Robustness to Change in Ad-
equacy Threshold

Pairwise Comparison Pearson’s
Correlation
Coefficient

Spearman’s
Correlation
Coefficient

Kendall’s Tau
Correlation
Coefficient

Supply Frequency “Not
always but often”

1 1 1

Training “Over half
partake in any training
course”

1 1 1

Both Supply Frequency
and Training cutoff
changes

.99 1 1

Setting K=1.5
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A.4: SDUI Results When Weights Reflect The Catchment Area of a Facility

As is mentioned in Chapter 3, information on the catchment area of a facility is only avail-

able for 80% of the facilities in Rwanda, 65% of the facilities in Uganda, and 72 % of

facilities in Tanzania. The results from changing weights for the cross-country analysis are

given in Table A5 below. Results for the within-country analysis for Rwanda are given in

Table A6 below.

Table A5: Cross-Country SDUI Ranking Changing Weights by Catchment Population
Country SDUI SDUI Rank

Rwanda .266 3
(.08)

Uganda .168 1
(.03)

Tanzania .209 2
(.04)

Setting
K=1.5

Though the ranking changes significantly for the cross-country analysis, the resulting

ranking is not statistically significant for any of the pairs of countries. Though the rank-

ing changes for facility type, it is also not statistically significant. The ranking remains

consistent for managing authority, but again is not statistically significant. The ranking

by province changes a great deal. Though the North remains the best performing facility,

the South becomes the worst performing facility and this ranking (and only this pairwise

ranking among provinces) is statistically significant.
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Table A6: Decomposition of Rwanda’s SDUI by Facility Type, Managing Authority, and
Province Changing Weights by Catchment Population

SDUI SDUI Rank

Facility Type

Hospital .288 3
(.132)

Health Center and Polyclinic .242 2
(.017)

Health Post, Dispensary, and
Clinic

.166 1

(.08)

Managing Authority

Government .163 1
(.017)

Non-government .351 2
(.021)

Province

North .098 1
(.031)

South .409 5
(.09)

East .171 4
(.04)

West .167 3
(.04)

Kigali City .159 2
(.07)

Setting K=1.5
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Appendix B:

B.1: Robustness to Change in Underperformance Threshold

Figure B1 shows that the ranking by facility type is robust to a change in the underper-

formance cutoff. Figure B2 shows that the ranking by managing authority changes when

the underperformance cutoff K reaches 2. This implies that when facilities are inadequate

in 2 out of the 3 dimensions, government facilities perform worse than private facilities.

When the underperformance cutoff increases, the restrictions on being classified as un-

derperforming are stricter and therefore we are examining the poorest performers in the

delivery of education services. Figure B3 shows that the province of Sanduan is the worst

performing province in delivering education services, which is robust to a change in the

underperformance cutoff.

Figures B4-B6 show that for provinces of West New Britain, East New Britain, and

Enga the ranking by managing authority remains consistent with the country ranking (such

that private/religious facilities perform worse than government facilities) for all possible

underperformance cutoffs. Figure B7-B9 show that the ranking for NCD, Morobe, and

Gulf the ranking by managing authority is the opposite of the country ranking (such that

government facilities perform worse than private facilities) for all underperformance cut-

offs. Figures B10 and B11 show that the ranking by facility type is robust for the provinces

of Enga and Morobe.

Figures B12 and B13 show that rankings by the two policies of using multigrade class-

rooms and community involvement are robust to a change in the underperformance cutoff.
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Figure B.1: Robustness of SDUI Ranking by Facility Type to the Underperformance Cutoff
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Figure B.2: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff
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Figure B.3: Robustness of SDUI Ranking by Province to the Underperformance Cutoff
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Figure B.4: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for West New Britain
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Figure B.5: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for East New Britain
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Figure B.6: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for Enga
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Figure B.7: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for NCD
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Figure B.8: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for Morobe
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Figure B.9: Robustness of SDUI Ranking by Managing Authority to the Underperformance
Cutoff for Gulf
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Figure B.10: Robustness of SDUI Ranking by Facility Type to the Underperformance Cut-
off for Enga
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Figure B.11: Robustness of SDUI Ranking by Facility Type to the Underperformance Cut-
off for Morobe
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Figure B.12: Robustness of SDUI Ranking by use of Multigrade Classes to the Underper-
formance Cutoff
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Figure B.13: Robustness of SDUI Ranking by Community Involvement to the Underper-
formance Cutoff
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B.2: Robustness to Change in Weights

The statistically significant rankings are now tested for their robustness to a change in

weights. The different weighting schemes are the same as specified in Alkire and Santos

(2011), where a weight of 50% is put on each respective dimension and the other dimen-

sions receive equal weights. In this way, the dimension with a weight of 50% receives

twice the weight as the other dimensions. So when a weight of 50% is put on funding and

resources, this implies that effective use of funding and resources is weighted as two times

as important as the effective use of infrastructure and the effective use of providers.

Note that all of the rankings above are for two subgroups (or pairs) so coefficient rank-

ings such as Kendall’s Tau are not needed as these ranking coefficients are used to make

pairwise comparisons for more than 2 subgroups due to the large number of pairwise com-

parisons that would need to be done. For each of the rankings, the ranking is robust to a

change in the weights specified.

Table B1: SDUI Ranking byManaging Authority - Robustness to Changing Weights
Pairwise Comparison SDUI(Private/Religious) SDUI(Government)

Equal Weight .271 .207
50% Weight on Funding
and Resources

.221 .173

50% Weight on Infras-
tructure

.197 .307

50% Weight on
Providers

.3 .243

Setting K=1.5

B.3: Robustness to Adequacy Thresholds

The rankings done above are now tested for their robustness to a change in the adequacy

cutoff specified for the frequency of BOM meetings, wage payments, and teacher absen-

teeism. Again these are simply rankings by pairs so a simple comparison is done of the

values that the SDUI takes for each pair across the different threshold specifications. The

robustness of the rankings above are checked for each new adequacy threshold as well as

when all 3 thresholds hold.
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Table B2: SDUI Ranking for West New Britain, East New Britain, Gulf, Enga, NCD, and
Morobe byManaging Authority - Robustness to Changing Weights where 1 indicates robust
and 0 indicates not robust

Province Equal
Weight

50%
Weight
on
Fund-
ing and
Re-
sources

50%
Weight
on
Fund-
ing and
Re-
sources

50%
Weight
on
Providers

West New Britain 1 1 1 1
East New Britain 1 1 1 1
Enga 1 1 1 1
Gulf 1 1 1 1
Morobe 1 1 1 1
NCD 1 1 1 1
Setting K=1.5

Table B3: SDUI Ranking for Enga and Morobe by Facility Type - Robustness to Changing
Weights where 1 indicates robust and 0 indicates not robust

Province Equal
Weight

50%
Weight
on
Fund-
ing and
Re-
sources

50%
Weight
on
Fund-
ing and
Re-
sources

50%
Weight
on
Providers

Enga 1 1 1 1
Morobe 1 1 1 1
Setting K=1.5

Table B4: SDUI Ranking for Multigrade Classroom Policy- Robustness to Changing
Weights

Pairwise Comparison SDUI(Participate) SDUI(Do not
participate)

Equal Weight .285 .259
50% Weight on Funding
and Resources

.258 .179

50% Weight on Infras-
tructure

.237 .129

50% Weight on
Providers

.327 .176

Setting K=1.5
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Table B5: SDUI Ranking for Community Involvement Policy- Robustness to Changing
Weights

Pairwise Comparison SDUI(Participate) SDUI(Do not
participate)

Equal Weight .272 .166
50% Weight on Funding
and Resources

.254 .17

50% Weight on Infras-
tructure

.213 .127

50% Weight on
Providers

.298 .219

Setting K=1.5

The threshold for the frequency of BOM meetings was set to a requirement of the BOM

meeting at least 2 times over the year. Below the robustness is checked if this threshold is

increased to 3, such that the BOM is required to meet at least 3 times over the year.

The difference between when teachers were supposed to be paid and when they received

their payment is used to represent wage leakages. The adequacy cutoff was not stipulated

by the survey, so in the above analysis it was set at a difference in weeks of zero, such

that if any teacher had any delay in their wages the school was deemed inadequate. As

a robustness check for this cutoff, the adequacy cutoff is changed to 1 week, such that a

school is deemed inadequate only if a teacher had a delay of more than 1 week.

The adequacy cutoff for Teacher Absenteeism of all teachers being present is suggested

by the survey, as any absence of teachers is disruptive to classes. (World Bank (June 2004))

However, depending on the student teacher ratio, it is possible that teachers could be absent

without impacting the delivery of education services to students. On average there are 8

teachers in each school, with an average ratio of number of students per teacher of 28. For

schools that have more than 28 students per teacher, any teacher being absent may have a

negative impact on the delivery of services. However, for schools with less than 28 students

per teacher there may be less impact on the delivery of services if a teacher is missing. For

this reason, the cutoff for Teacher Absenteeism is changed to the following: all teachers
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are present if student teacher ratio is greater than 28, and all but 1 teacher must be present

if the student teacher ratio is less than 28.

The tables below show that the ranking is consistent for all rankings, expect for the

ranking by managerial authority for the province of Morobe. In this ranking, private facili-

ties become worse performers when the adequacy threshold is changed for BOM meetings,

wage payments, and when all three thresholds are changed.

Table B6: SDUI Ranking by Managing Authority - Robustness to Changing Adequacy
Thresholds

Pairwise Comparison SDUI(Private/Religious) SDUI(Government)

Original Threshold .271 .207
New Threshold on BOM
(1)

.347 .281

New Threshold on Wage
Payments (2)

.271 .207

New Threshold on
Teacher Absenteeism
(3)

.234 .194

(1) and (2) and (3) .29 .259
Setting K=1.5

Table B7: SDUI Ranking for West New Britain, East New Britain, Gulf, Enga, NCD, and
Morobe byManaging Authority - Robustness to Changing Weights where 1 indicates robust
and 0 indicates not robust

Province Original
Thresh-
olds

New
Thresh-
old on
BOM
(1)

New
Thresh-
old on
Wage
Pay-
ments
(2)

New
Thresh-
old on
Teacher
Absen-
teeism
(3)

(1) and
(2) and
(3)

West New Britain 1 1 1 1 1
East New Britain 1 1 1 1 1
Enga 1 1 1 1 1
Gulf 1 1 1 1 1
Morobe 1 0 0 1 0
NCD 1 1 1 1 1
Setting K=1.5
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Table B8: SDUI Ranking for Enga and Morobe by Facility Type - Robustness to Changing
Weights where 1 indicates robust and 0 indicates not robust

Province Original
Thresh-
olds

New
Thresh-
old on
BOM
(1)

New
Thresh-
old on
Wage
Pay-
ments
(2)

New
Thresh-
old on
Teacher
Absen-
teeism
(3)

(1) and
(2) and
(3)

Enga 1 1 1 1 1
Morobe 1 1 1 1 1
Setting K=1.5

Table B9: SDUI Ranking for Multigrade Classroom Policy- Robustness to Changing
Weights

Pairwise Comparison SDUI(Participate) SDUI(Do not
participate)

Original Threshold .285 .159
New Threshold on BOM
(1)

.353 .246

New Threshold on Wage
Payments (2)

.284 .16

New Threshold on
Teacher Absenteeism
(3)

.252 .149

(1) and (2) and (3) .315 .205
Setting K=1.5

Table B10: SDUI Ranking for Community Involvement Policy- Robustness to Changing
Weights

Pairwise Comparison SDUI(Participate) SDUI(Do not
participate)

Original Threshold .272 .166
New Threshold on BOM
(1)

.359 .23

New Threshold on Wage
Payments (2)

.272 .166

New Threshold on
Teacher Absenteeism
(3)

.251 .142

(1) and (2) and (3) .326 .197
Setting K=1.5
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B.4: Changing Weights on Facilities to Reflect Share of Students

The rankings by facility type and managing authority remain consistent . Though the rank-

ing by managing authority is no longer statistically significant. The ranking by province

changes slightly, though Sanduan remains the worst performing province and Morobe and

NCD are the best performing provinces. The rankings by policy remain the same and they

remain statistically significant.

Table B11: PNG’s SDUI with Weights on Facilities
School Count
Ratio (FCR)

A SDUI

PNG .37 .59 .218
(.04) (.01) (.02)

Setting K=1.5
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Table B12: Decomposition of PNG’s SDUI by school Type, Managing Authority, and
Province with Weights on Facilities

FCR A SDUI SDUI
Rank

school Type

Community .37 .6 .225 2
(.05) (.02) (.03)

Primary .35 .57 .198 1
(.06) (.02) (.03)

Managing Authority

Private/Religious .39 .58 .226 2
(.06) (.02) (.03)

Government .35 .61 .211 1
(.06) (.02) (.04)

Province

Eastern Highlands .44 .56 .246 5
(.1) (.03) (.06)

East New Britain .26 .65 .166 3
(.09) (.05) (.06)

Enga .49 .61 .296 7
(.1) (.02) (.06)

Gulf .43 .6 .257 6
(.12) (.02) (.07)

Morobe .1 .72 .07 1
(.06) (.05) (.05)

NCD .24 .56 .134 2
(.08) (.03) (.04)

Sanduan .65 .6 .386 8
(.1) (.02) (.06)

West New Britain .4 .54 .215 4
(.14) (.01) (.08)

Setting K=1.5

Table B13: Decomposition of PNG’s SDUI by Policy of Utilizing multigrade classes
Multigrade classes FCR A SDUI

No multigrade classes .45 .59 .265
(.05) (.01) (.03)

Multigrade classes .23 .6 .137
(.06) (.02) (.03)

Setting K=1.5

162



Table B14: Decomposition of PNG’s SDUI by Policy of Community Involvement
Community Involvement FCR A SDUI

Do not Participate .44 .6 .26
(.05) (.02) (.03)

Participate .29 .59 .17
(.07) (.02) (.04)

Setting K=1.5
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Appendix C:

Table C1: Poverty Trends ($2.5 A Day)

Country Year
Average.monthly.per.

capita.income.(USD.PPP)

Poverty.

headcount
Gini Year

Average.monthly.per.

capita.income.(USD.PPP)

Poverty.

headcount
Gini

Albania 1997 151 0.16 0.29 2008 174 0.11 0.35

Argentina 1995 378 0.11 0.49 2008 413 0.09 0.46

Armenia 1996 108 0.51 0.44 2008 127 0.25 0.31

Azerbaijan 1995 87 0.54 0.35 2008 201 0.07 0.34

Bangladesh 1995 42 0.91 0.33 2010 52 0.86 0.32

Bolivia 1997 214 0.35 0.53 2008 214 0.32 0.52

Brazil 1995 297 0.29 0.60 2008 356 0.17 0.51

Bulgaria 1995 282 0.05 0.31 2007 274 0.02 0.28

Burundi 1992 26 0.97 0.33 2006 29 0.96 0.33

Cambodia 1994 65 0.77 0.46 2007 78 0.71 0.40

Cameroon 1996 82 0.65 0.41 2007 115 0.43 0.39

Central.African.Republic1993 25 0.94 0.61 2008 51 0.86 0.56

Chile 1994 378 0.12 0.50 2009 494 0.01 0.42

China 1996 60 0.76 0.32 2008 110 0.47 0.35

Colombia 1996 303 0.22 0.46 2008 343 0.20 0.51

Costa.Rica 1995 260 0.17 0.46 2008 372 0.10 0.50

Cote.d’Ivoire 1995 81 0.62 0.37 2008 88 0.59 0.42

Croatia 1998 513 0.00 0.27 2008 88 0.59 0.42

Dominican.Republic1996 252 0.18 0.47 2008 246 0.19 0.49

Ecuador 1995 198 0.36 0.54 2008 254 0.21 0.51

Egypt 1995 98 0.46 0.30 2008 114 0.32 0.31

El.Salvador 1995 194 0.28 0.47 2008 214 0.22 0.47

Ethiopia 1995 45 0.90 0.40 2005 51 0.88 0.30

Ghana 1998 63 0.74 0.41 2005 80 0.64 0.43

Guatemala 2000 186 0.35 0.45 2006 200 0.35 0.47

Guinea 1994 42 0.88 0.45 2007 57 0.80 0.39

Honduras 1995 121 0.54 0.53 2008 225 0.42 0.33

India 1993 47 0.90 0.36 2010 60 0.81 0.33

Indonesia 1996 52 0.87 0.31 2008 72 0.69 0.33

Jamaica 1993 125 0.32 0.36 2004 279 0.11 0.46

Jordan 1997 152 0.22 0.36 2008 200 0.08 0.34

Kazakhstan 1996 137 0.28 0.35 2008 333 0.00 0.26

Kenya 1994 78 0.66 0.42 2005 65 0.77 0.46

Kyrgyz.Republic 1993 173 0.37 0.54 2008 134 0.31 0.37

Lao.PDR 1997 49 0.88 0.35 2008 63 0.78 0.37

Macedonia 1998 192 0.07 0.28 2008 294 0.09 0.44

Madagascar 1993 36 0.93 0.46 2010 28 0.95 0.44

Malawi 1997 30 0.95 0.50 2004 34 0.94 0.39

Malaysia 1995 263 0.17 0.49 2009 400 0.06 0.46

Maldives 1998 205 0.43 0.63 2004 176 0.20 0.37

Mali 1994 24 0.96 0.51 2010 46 0.87 0.33

Mauritania 1995 79 0.62 0.37 2008 84 0.61 0.40

Mexico 1996 193 0.35 0.51 2008 312 0.15 0.48

Moldova 1997 95 0.50 0.37 2008 183 0.14 0.35

Mongolia 1995 81 0.58 0.33 2007 150 0.25 0.37

Morocco 1999 130 0.36 0.39 2007 161 0.24 0.41

Mozambique 1996 30 0.95 0.44 2008 47 0.88 0.46

Namibia 1993 147 0.68 0.74 2004 146 0.59 0.64

Nepal 1995 38 0.94 0.35 2010 68 0.72 0.33

Nicaragua 1993 107 0.59 0.57 2005 148 0.42 0.46

Niger 1994 30 0.95 0.42 2007 53 0.85 0.35

Nigeria 1996 39 0.91 0.47 2010 40 0.90 0.49

Pakistan 1996 47 0.91 0.29 2007 66 0.76 0.30

Panama 1995 275 0.28 0.58 2009 325 0.17 0.52

Paraguay 1995 286 0.27 0.52 2008 265 0.21 0.48

Peru 1997 203 0.32 0.54 2008 251 0.21 0.49

Philippines 1994 83 0.64 0.43 2009 104 0.53 0.43

Poland 1996 138 0.23 0.33 2008 370 0.01 0.34

Romania 1994 99 0.39 0.28 2008 227 0.04 0.31

Russia 1996 287 0.12 0.46 2008 471 0.00 0.42

Senegal 1994 50 0.87 0.41 2005 67 0.72 0.39

South.Africa 1995 158 0.49 0.57 2009 257 0.40 0.63

Sri.Lanka 1995 83 0.62 0.35 2006 119 0.43 0.40

Swaziland 1995 34 0.93 0.35 2009 80 0.69 0.51

Tajikistan 1999 43 0.92 0.29 2009 100 0.42 0.31

Tanzania 1991 33 0.95 0.34 2007 37 0.93 0.38

The.Gambia 1998 42 0.87 0.50 2003 82 0.66 0.47

Tunisia 1995 154 0.30 0.42 2005 218 0.15 0.41

Turkey 1994 204 0.17 0.42 2008 305 0.07 0.39

Uganda 1996 40 0.91 0.37 2009 68 0.76 0.40

Ukraine 1995 205 0.14 0.39 2008 324 0.00 0.28

Venezuela 1995 177 0.29 0.47 2006 213 0.21 0.45

Vietnam 1993 40 0.91 0.36 2008 85 0.58 0.36

Zambia 1996 46 0.87 0.48 2006 42 0.87 0.55

Period.1 Period.2

The lognormal approximation assumes that the income distribution can be approxi-

mated by a lognormal distribution of the following form f(x) = 1p
2⇡�x

e�(log(x)�µ)

2
/2�

2 ,

µ, where x is income, f(x) is the probability density function, µ is the mean and � is the
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Table C2: Poverty Trends ($1 A Day)

Country Year Average.monthly.per.
capita.income.(USD.PPP)

Poverty.
headcount

Gini Year Average.monthly.per.
capita.income.(USD.PPP)

Poverty.
headcount

Gini

Bangladesh 1991 34 0.70 0.28 2010 52 0.43 0.32
Brazil 1990 300 0.13 0.61 2008 356 0.08 0.55
Burundi 1992 26 0.84 0.33 2006 29 0.81 0.33
Cambodia 1994 65 0.44 0.46 2007 78 0.32 0.40
Central.African.Republic1993 25 0.83 0.61 2008 51 0.63 0.56
China 1990 41 0.60 0.29 2008 133 0.13 0.38
Cote.d’Ivoire 1988 99 0.14 0.37 2008 88 0.24 0.42
Ecuador 1994 182 0.16 0.47 2008 254 0.08 0.51
El.Salvador 1991 168 0.18 0.52 2008 214 0.07 0.47
Ethiopia 1995 45 0.61 0.40 2005 51 0.39 0.30
Ghana 1991 49 0.51 0.38 2005 80 0.28 0.43
Guatemala 2000 186 0.13 0.45 2006 200 0.14 0.47
Honduras 1991 91 0.35 0.51 2008 225 0.24 0.33
India 1988 45 0.54 0.31 2010 60 0.26 0.33
Indonesia 1990 43 0.54 0.29 2008 72 0.23 0.33
Kenya 1992 93 0.38 0.57 2005 65 0.44 0.46
Lao.PDR 1992 43 0.56 0.30 2008 63 0.34 0.37
Madagascar 1993 36 0.72 0.46 2010 28 0.81 0.44
Mali 1994 24 0.86 0.51 2010 46 0.50 0.33
Mauritania 1993 71 0.43 0.50 2008 84 0.23 0.40
Mongolia 1995 81 0.19 0.33 2007 150 0.00 0.37
Namibia 1993 147 0.49 0.74 2004 146 0.32 0.64
Nepal 1995 38 0.68 0.35 2010 68 0.25 0.33
Nicaragua 1993 132 0.18 0.50 2005 148 0.17 0.46
Niger 1992 34 0.73 0.36 2007 53 0.44 0.35
Nigeria 1992 40 0.62 0.45 2010 40 0.68 0.49
Pakistan 1990 38 0.65 0.33 2007 66 0.21 0.30
Panama 1991 215 0.21 0.58 2009 325 0.04 0.52
Peru 1997 203 0.14 0.54 2008 251 0.06 0.49
Philippines 1991 81 0.31 0.44 2009 104 0.18 0.43
Senegal 1991 45 0.66 0.54 2005 67 0.34 0.39
South.Africa 1993 172 0.24 0.59 2009 257 0.14 0.63
Sri.Lanka 1991 76 0.15 0.32 2006 119 0.07 0.40
Swaziland 1995 34 0.79 0.35 2009 80 0.41 0.51
Tanzania 1991 33 0.73 0.34 2007 37 0.68 0.38
Uganda 1989 37 0.69 0.44 2009 68 0.38 0.40
Vietnam 1993 40 0.64 0.36 2008 85 0.17 0.36
Zambia 1991 47 0.63 0.60 2006 42 0.69 0.55

Period.1 Period.2

standard deviation. The lognormal distribution is thus fully described by its mean and stan-

dard deviation and therefore simulations can be run easily be replacing mean and standard

deviation with that of the median, keeping growth rates the same.

The General Quadratic approach of Villasenor and Arnold (1989) uses a general

quadratic form to estimate the Lorenz curve. The general quadratic form of a Lorenz

curve can be rewritten as L(1 � L) = a(P 2 � L) + bL(P � 1) + c(P � L) where

P is the cumulative proportion of the population and L is the cumulative share in ag-

gregate consumption or income. To calculate the parameters a, b, and c we rename

t = L(1 � L), u = (P 2 � L), v = L(P � 1), and w = (P � L) and run the ordinary

least-squares regression of t on u , v, and w with no intercept. Datt (1998) provides details

on parameter restrictions, and on how to derive Gini and poverty headcount from these

parameters.
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The Beta Lorenz approach of Kakwani (1980) uses a beta distribution to approximate

the Lorenz curve. This implies that the Lorenz curve can be written as L = P � ✓P �(1 �

P )�, where again P is the cumulative proportion of the population and L is the cumulative

share in aggregate consumption. Then to estimate the parameters ✓, �, and � one must

simply rearrange and take the logarithm of the above in order to get ln(L�P ) = ln(�✓)+

�ln(P ) + �ln(1 � P ), rename t = ln(L � P ), u = ln(P ), v = ln(1 � P ) and then

estimate the parameters by running the ordinary least squares regression of t on u and v.

See again Datt (1998) which describes how to derive Gini and poverty headcount from

these parameters.

The goodness of fit criterion defined in Datt (1998) is used to determine which of the

parameterizations of the Lorenz curve (the General Quadratic or the Beta Lorenz) is the

best fit. This goodness of fit criterion is simply the sum of the squared errors between the

actual Lorenz and projected Lorenz from the respective approximation up to the estimated

head count ratio. Because the Lorenz curve is continuous, the percentage of the population

is separated into 1,000 bins. Datt (1998) describes this mathematically as follows:

SSE =
P

k

i=1

(L̂
i

� L
i

)2

Where L̂
i

is the estimated Lorenz curve from the specified parameterization, L
i

is the

actual Lorenz curve, and k = [k|
P

k�1

i=1

p
i

 Ĥ
i


P

k

i=1

p
i

] where H
i

is the estimated

Head Count Ratio. The sum of squared errors (SSE) is calculated for each specification

and the parameterization with the lowest SSE is used.

C.1: $2.5 A Day Results

C.2: $1 A Day Results

Figures C5 to C8 present the same figures as the $2.5 a day analysis. Again, because this

subgroup of countries is more similar in initial average income than the larger group of

countries from the previous analysis, the difference between actual poverty reduction rates

and the ones that countries would have experienced under the counterfactual conditions is

not statistically significant for the group. However, the general results hold.
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Table C3: Actual vs. Predicted Headcount Ratios (Latin America, 1995)
Country Actual Predicted using

Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.10 0.09 0.11
Bolivia 0.34 0.39 0.35
Brazil 0.27 0.25 0.29
Colombia 0.20 0.21 0.22
Costa Rica 0.15 0.16 0.17
Dominican Republic 0.17 0.18 0.18
Ecuador 0.35 0.41 0.36
El Salvador 0.28 0.30 0.28
Guatemala 0.35 0.36 0.35
Honduras 0.55 0.52 0.54
Mexico 0.34 0.36 0.35
Nicaragua 0.59 0.59 0.59
Panama 0.27 0.27 0.28
Paraguay 0.26 0.27 0.27
Peru 0.32 0.34 0.32
Venezuela 0.30 0.30 0.29
Sum of Squared Errors between
Actual and Predicted

.009 .002
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Table C4: Actual vs. Predicted Poverty Gap (Latin America, 1995)
Country Actual Predicted using

Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.04 0.03 0.03
Bolivia 0.17 0.19 0.17
Brazil 0.12 0.11 0.12
Colombia 0.10 0.08 0.10
Costa Rica 0.07 0.05 0.06
Dominican Republic 0.06 0.06 0.06
Ecuador 0.19 0.21 0.19
El Salvador 0.11 0.12 0.11
Guatemala 0.14 0.15 0.14
Honduras 0.28 0.25 0.28
Mexico 0.16 0.16 0.16
Nicaragua 0.32 0.32 0.32
Panama 0.16 0.12 0.16
Paraguay 0.12 0.12 0.12
Peru 0.14 0.15 0.14
Venezuela 0.12 0.12 0.12
Sum of Squared Errors between
Actual and Predicted

.004 .002

168



Table C5: Actual vs. Predicted Squared Poverty Gap (Latin America, 1995)
Country Actual Predicted using

Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.03 0.01 0.01
Bolivia 0.12 0.12 0.11
Brazil 0.08 0.06 0.07
Colombia 0.08 0.04 0.06
Costa Rica 0.05 0.02 0.03
Dominican Republic 0.03 0.03 0.02
Ecuador 0.14 0.14 0.13
El Salvador 0.07 0.07 0.06
Guatemala 0.08 0.09 0.07
Honduras 0.19 0.16 0.19
Mexico 0.10 0.09 0.09
Nicaragua 0.22 0.21 0.22
Panama 0.13 0.07 0.12
Paraguay 0.07 0.07 0.07
Peru 0.08 0.08 0.08
Venezuela 0.07 0.06 0.06
Sum of Squared Errors between
Actual and Predicted

.006 .001
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Table C6: Actual vs. Predicted % Reduction in Headcount Ratios (Latin America, 1995-
2008)

Country Actual Predicted using
Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.14 0.18 0.17
Bolivia 0.08 0.06 0.08
Brazil 0.43 0.39 0.40
Colombia 0.06 0.06 0.09
Costa Rica 0.45 0.44 0.41
Dominican Republic -0.09 -0.04 -0.07
Ecuador 0.44 0.49 0.41
El Salvador 0.23 0.27 0.21
Guatemala 0.02 0.02 0.02
Honduras 0.24 0.22 0.23
Mexico 0.59 0.56 0.56
Nicaragua 0.28 0.28 0.28
Panama 0.41 0.39 0.41
Paraguay 0.25 0.23 0.23
Peru 0.37 0.39 0.35
Venezuela 0.33 0.36 0.30
Sum of Squared Errors between
Actual and Predicted

.02 .01
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Table C7: Actual vs. Predicted % Reduction in Poverty Gap (Latin America, 1995-2008)
Country Actual Predicted using

Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.25 0.20 0.13
Bolivia 0.07 0.09 0.07
Brazil 0.44 0.47 0.48
Colombia 0.16 0.05 0.15
Costa Rica 0.43 0.48 0.64
Dominican Republic 0.07 -0.02 0.05
Ecuador 0.60 0.64 0.61
El Salvador 0.34 0.38 0.36
Guatemala -0.05 0.02 -0.03
Honduras 0.17 0.23 0.17
Mexico 0.64 0.66 0.69
Nicaragua 0.45 0.43 0.45
Panama 0.64 0.51 0.66
Paraguay 0.39 0.35 0.40
Peru 0.47 0.50 0.47
Venezuela 0.29 0.45 0.30
Sum of Squared Errors between
Actual and Predicted

.08 .006
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Table C8: Annualized Actual vs. Predicted % Reduction in Squared Poverty Gap (Latin
America, 1995-2008)

Country Actual Predicted using
Lognormal Ap-
proximation

Predicted using
Best Fit of Gen-
eral Quadratic
and Beta Lorenz
Approximations

Argentina 0.33 0.21 0.09
Bolivia 0.06 0.10 0.04
Brazil 0.42 0.53 0.55
Colombia 0.24 0.04 0.22
Costa Rica 0.40 0.52 0.78
Dominican Republic 0.23 0.00 0.16
Ecuador 0.67 0.72 0.74
El Salvador 0.43 0.45 0.49
Guatemala -0.05 0.01 -0.08
Honduras 0.09 0.23 0.10
Mexico 0.66 0.72 0.78
Nicaragua 0.55 0.51 0.56
Panama 0.76 0.58 0.80
Paraguay 0.47 0.43 0.53
Peru 0.55 0.56 0.56
Venezuela 0.20 0.51 0.30
Sum of Squared Errors between
Actual and Predicted

.3 .27

Table C9: Statistical Significance Results for Figures 5.12 and 5.13
Dependent Variable Coefficient Standard Error Confidence In-

terval

Actual Ranking -1.64** .8 (-3.24,-.04)
Counterfactual Ranking 1.91** .79 (.34,3.49)

Table C10: Statistical Significance Results for Figures 5.14
Dependent Variable Coefficient Standard Error Confidence In-

terval

Difference in Headcount Ratio .56 .07 (.41,.71)

Table C11: Statistical Significance Results for Figures 5.15
Dependent Variable Coefficient Standard Error Confidence In-

terval

Difference in Poverty Gap .52 .07 (.39,.66)
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Figure C.5: Actual and Counterfactual Poverty Reduction using Headcount Ratio by An-
nual Percentage Change, 1995-2008

BGD$

BDI$

KHM$

CAF$

CIV$

ETH$

GHA$
KEN$LAO$

MDG$

MLI$

MRT$
MDA$

MNG$
NAM$

NPL$

NER$

NGA$

PAK$

PHL$

SEN$

ZAF$

LKA$

SWZ$

TZA$

UGA$VNM$

ZMB$

BRA$

ECU$

SLV$

GTM$

HND$ NIC$

PAN$
PER$

IND$

IDN$

CHN$

83$

82$

81$

0$

1$

2$

3$

4$

0$ 2$ 4$ 6$ 8$ 10$ 12$

!D
iff
er
en

ce
!in
!A
ct
ua

l!a
nd

!C
ou

te
rf
ac
tu
al
!%
!C
ha

ng
e!
in
!P
ov
er
ty
!

Average!Daily!Income!Per!Capita!1995!

Figure C.6: Difference in Actual and Counterfactual Poverty Reduction using Poverty Gap
by Annual Percentage Change, 1995-2008
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Figure C.7: Difference in Actual and Counterfactual Poverty Reduction using Headcount
Ratio by Annual Percentage Point Change, 1995-2008
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Figure C.8: Difference in Actual and Counterfactual Poverty Reduction using Poverty Gap
by Annual Percentage Point Change, 1995-2008
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Table C12: Statistical Significance Results for Figures 5.16
Dependent Variable Coefficient Standard Error Confidence In-

terval

Difference in Headcount Ratio .02 .04 (-.05,.1)

Table C13: Statistical Significance Results for Figures 5.17
Dependent Variable Coefficient Standard Error Confidence In-

terval

Difference in Poverty Gap -.1 .02 (-.13,-.06)
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