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Percentile growth curve is a tool to present the status of different groups in a population
regarding a certain phenomenon or index. Many trials were made to compare not only the
growth curves of humans but also the growth curves of animals. These trials depended on
smoothing and modeling the different growth curves using the same model with different
values for the parameters. This study aims to construct tests that can test the equality of two
percentile growth curves as well as the equality of two sets of percentile growth curves from
two independent populations regardless the shape of these curves. The currently available
tests allow us to make a decision on one group (e.g. one age group). To make a decision
regarding the whole curve that reflects the values of several groups, a new test should be
built. This study presents a new test, the curve precedence test, based on the concept of the
precedence test to test the equality of two growth curves from two independent populations.
To evaluate the performance of the precedence test, two other tests based on the concept of
the y* test, curve * test and curve set y* test, were presented and the power of the precedence
test was compared to the power of these tests. The weight-for-age growth curves of Egypt
and of two sub-regions of Egypt were constructed and the tests were applied on these growth

curves. The tests were applied also on the education years-for-age growth curves.

Key Words
= Anthropometric measures =  Growth curve
= Percentile curves =  Weight-for-age
= Precedence test = Curve precedence test

= Curve chi-square test = Curves set chi-square test
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Using Nonparametric Techniques in Testing the Equality of
Growth Curves of Independent Populations

Abstract

Percentile growth curve is a tool to present the status of different
groups in a population regarding a certain phenomenon or index. Many trials
were made to compare not only the growth curves of humans but also the
growth curves of animals. These trials depended on smoothing and modeling
the different growth curves using the same model with different values for
the parameters. This study aims to construct tests that can test the equality of
two percentile growth curves as well as the equality of two sets of percentile
growth curves from two independent populations regardless the shape of
these curves. The currently available tests allow us to make a decision on one
group (e.g. one age group). To make a decision regarding the whole curve
that reflects the values of several groups, a new test should be built. This
study presents a new test, the curve precedence test, based on the concept of
the precedence test to test the equality of two growth curves from two
independent populations. To evaluate the performance of the precedence test,
two other tests based on the concept of the y* test, curve chi-square test and
curve set chi-square test, were presented and the power of the precedence
test was compared to the power of these tests. The weight-for-age growth
curves of Egypt and of two sub-regions of Egypt were constructed and the
tests were applied on these growth curves. The tests were applied also on the

education years-for-age growth curves.
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Executive Summary

In the second half of the 20™ century, a great attention has been paid to
malnutrition and its impact on health status, especially on children health
status. The importance of nutritional status assessment raised from the effect
of nutritional status on growth and resistance to diseases. Nutritional status
indices are also considered indirect indicators for the population quality of

life.

This study aims to construct a test for the equality of percentile growth
curves of independent populations. Many nonparametric tests were reviewed.
The currently available tests allow us to make a decision on one group (e.g.
one age group). To make a decision regarding the whole curve which reflects
the values of several groups, a new test should be built. The objectives of the

study could be summarized as follows:

1- To construct tests that can test the equality of two percentile growth
curves as well as the equality of two sets of growth curves from two
independent populations regardless of the shape of these curves. In
other words, applying the tests will not require to fit a mathematical
model for the curves.

2- To investigate the performance of the tests through studying the
power properties of the tests under different distributions.

3- To construct the weight-for-age growth curves of Egypt and of two
sub-regions of Egypt: Region 1 includes Urban governorates and
Lower Egypt and Region 2 includes Upper Egypt and Frontier

governorates. The tests will be applied on these growth curves.



4- To present a new application for growth curves in other fields than
measuring the nutritional status. The curves will be built for
education years-for-age. Real data collected from Qanater district
(Qaliubia Governorate) will be used to build the education years-
for-age growth curves of both urban and rural areas. The tests will

also be applied on these growth curves.

CHAPTER ONE of the thesis discusses the most important nutritional status
measures with focus on weight-for-height, height-for-age and weight-for age
indices. The chapter also presents the growth curves and the different
approaches of classification of nutritional status, and the most important
reference charts that were obtained to determine malnourished individuals
and populations. The chapter finally discusses the nonparametric tests and
suggests that new tests should be built to test the equality of two growth

curves of independent populations.

CHAPTER TWO presents various versions of the precedence test. The
chapter also discusses the new tests obtained to test the equality of the
growth curves. The curve precedence test and the curve chi-square test were
developed to test the equality of two growth curves of two independent
populations. The curves set chi-square test was developed to test the equality

of two sets of percentile growth curves from two independent populations.

CHAPTER THREE illustrates the strategy and the results of the simulation
that was performed to study the power of the three tests. The power was
tested for curves with three age groups. For the curve chi-square test and the
curve precedence test the power was estimated for the 10™ percentile curve
and the 75" percentile curve. For the curves set chi-square test the power
was estimated for a set consists of the 10™ percentile curve, the 50"

percentile curve and the 90™ percentile curve. The powers of the tests were

Vi



estimated in the case of symmetric distributions applying on the normal
distribution and in the case of skewed distribution applying on the gamma
distribution. To estimate the parameters of the distributions, the distributions
were fitted to the weight-for-age data using the data of Egypt Demographic
and Health Survey 2000, 2003, 2005 (EDHS). The power was tested under
the shift in the location parameter as well as under the shift in the scale
parameter through Monte Carlo simulations using “MATLAB R2007b”.
Under the shift of the location parameter, the power of the three tests
increases with increasing sample sizes and with increasing values of the shift
“k”. The power reaches 1 with a shift ranges from 0.1, in the case of n; = n;=
500, to 0.25, in the case of n; = np= 50. Comparing the power of the curve
chi-square test and the curve precedence test reveals that the precedence test
performs better than the chi-square test.

Under the shift of the scale parameter, the power of the three tests increases
also with increasing sample sizes and with increasing values of the shift “k”.
In the case of the normal distribution, the three tests are less sensitive to the
shifts in the scale parameter than the shifts in the location parameter. The
comparison of the power of the curve precedence test and the curve chi-
square test reveals that under the normal distribution the curve precedence
test is more powerful than the curve chi-square test in the case of the 75"
percentile, while it is less powerful than the curve chi-square test in the case
of the 10" percentile curve. Under the Gamma distribution the curve
precedence test is more powerful than curve chi-square test in testing both

the 10™ percentile and the 75™ percentile curve.

CHAPTER FOUR presents an application for the three tests on the weight-
for-age percentile growth curves. Egypt was divided into two regions in a

way that could be useful for decision makers. The weight-for-age percentile

vii



growth curves of children age less than five of Egypt was constructed for the
first time. The curves of the two regions were obtained also, and the equality
of each pair of the growth curves as well as the equality of the two sets of
curves was tested. The results suggest that the 2 regions have different

nutritional status based on the weight-for-age percentile growth curves.

CHAPTER FIVE presents a new application for the percentile growth curves
in other fields than the medical applications. The percentile growth curves of
education years-for-age of urban and rural Qanater were obtained and the
three tests were used to test the equality of these curves. The results suggest
that the 2 regions have different educational status based on the education

years-for-age curves.

CHAPTER SIX discusses the conclusions regarding the performance of the
tests, testing the equality of weight-for-age growth curves of Egyptian
regions and testing the equality of education years-for-age growth curves.

The chapter also suggests some topics for further studies.
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