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Abstract: Problem statement: Numerous trials have been conducted to comparebdicly growth
curves and hence growth rates relying on smoothitgmodeling different growth curves using différen
parameter values for the same model. This studgdaitmconstruct a test of the equality of two petite
growth curves and of a set of percentile growttvesifrom two independent populations regardless of
the shape of these curves. Currently availabls skiw us to make a decision on one group. Making
decision regarding the whole curve necessitatddibginew testsApproach: This study developed two
tests of the equality of two growth curves basedhenconcept of the precedence and the chi-sgesi® t
and a test of the equality of a set of growth csirhe Monte Carlo simulation technique was used to
investigate the power of the three tests underifaishthe location parameter and under a shifthe
scale parameter of the normal and gamma distribsiti®he tests were applied to the weight-for-age
percentile growth curves of Egyptian regioRgsults. The curve precedence test is more powerful than
the curve chi-square test in testing the equafityrowth curves under a shift in the location pagtan of
both the normal and gamma distributions. It is afewe powerful than the curve chi-square teststirtg

the equality of growth curves under a shift in $hale parameter of the gamma distribution andsiinig
equality of growth curves with high ranks undemhétsn the scale parameter of the normal distiiut
Applying the new tests to the weight-for-age growatinves of the two Egyptian regions showed that the
regions have different growth curvéonclusion: The new tests are powerful in testing the equality
growth curves. According to them, the two Egyptiagions have different nutritional status.

Key words: Curve precedence test, curve chi-square test, sws@echi-square test, anthropometric
measures, percentile curves

INTRODUCTION study focuses on testing the equality of percentile
growth curves.
The percentile growth curve is a tool for presagti Growth curves were first obtained to monitor and

the status of different groups (such as age arghtjein  evaluate population or individual growth rates and
a population with respect to a certain phenomenon gpatterns using anthropometric indicators. They kban
index. Percentiles reflect the position of the widlial's  used in a variety of fields -e.g., health-to monito
observed value in relation to the values of theeoth population growth and improvements in these fields.
individuals of a particular group in terms of perzge  general, population or individual growth curves Idou
of the values equaled or exceeded (Matthetvsl., be useful in (Dibleet al., 1987b):

2000). Empirical percentiles can be calculatedefach

group and plotted on a graph at the midpoint oheac*®  Describing the status of the population

group. The plotted points of each percentile aenth ¢ Identifying individuals and groups that should be

connected to form the percentile curve. targeted by interventions
Growth curves can be obtained using percentiles Determining and monitoring cases of very low or
values or z-score values (Dibley al., 1987a). This very high value regarding the phenomenon under

Corresponding Author: Hanan GirgisDepartment of Evidence-Based Population Policyd®itoj
Egyptian Cabinet Information and Decision Sup@enter, 164 Nile St., Agouza, Giza, Egypt
Tel.: 202-33140020 Fax: 202-27941222
46



Am. J. Biostatistics 1 (1): 46-61, 2010

study in a certain population by comparing the Governorates and Lower Egypt and Upper Egypt

population growth curves to “ideal” growth curves and Frontier Governorates and to apply the tests to
» Assessing the impact of different interventions on  the two regions

the phenomenon under study by comparing growth

curves at different points in time MATERIALSAND METHODS

The comparison of growth curves of different

independent populations is a frequently encountered This study presents a new test, the curve
problem, especially in pediatric fields. Lookingtae  precedence test, based on the concept of the Eneoed
growth curves of different populations is not enoig  test, in order to test the equality of two growtines of
decide whether they are significantly different.Make two independent populations. To evaluate the
such decisions, the equality of the two curves khou performance of the precedence test, another testdba
first be tested. Many trials have been made to @ewenp 0N the concept of the chi-square test, curve chasg
not only the body growth curves and hence growtHest, is presented and the power of the precedeste
rates, of humans but also the growth curves of alsim compared to the power of this test. The chi-sqtese
These trials have relied on smoothing and modglieg Wwas also adapted to test the equality of two séts o
different growth curves using different parametergrowth curves. The Monte-Carlo simulation technique
values of the same model. The parameter values ¢¥as used to investigate the power properties of the
these models are then used to compare the curves. ~ curve chi-square test, the curve precedence teisthen

The main limitations of this approach are theadapted chi-square test-referred to as the “cusets
following: chi-square test”, or “CS” chi-square test. The

simulation aimed at revealing the following aspects

» Handling, smoothing and fitting the appropriate
model for the curve is time consuming and effort
intensive

* Applying the same model to the different curves,
even with different parameter values, could prove
difficult or impossible .

* The predicted values of the curve points rathem tha
the actual values are used in smoothing and
modeling to compare curves, leading to lack of
precision in the results obtained

The effect of the different distributions on the
power of the three tests

The effect of the sample size on the power of the
three tests

The values of the shift at which each of the three
tests has high powers

The effect of the rank of the percentile on the
power of the curve precedence test and curve chi-
square test

This study aimed to construct a test of the etali
of percentile growth curves. Many nonparametridstes The power was tested for curves with three age
were reviewed to identify an appropriate test. Heave  groups. For the curve chi-square test and the curve
the findings showed that currently available testly  precedence test, the power was estimated for ttte 10
allow us to make a decision on one group (e.g., agpercentile curve and the 75th percentile curve. ther
group). To make a decision regarding the whole €urvcurves set “CS” chi-square test, the power was
that reflects the values of several groups, a nest t estimated for a set consisting of the 10th perkenti
needed to be built. The objectives of this study ba  curve, the 50th percentile curve and the 90th peitee
summed up as follows: curve.

The three tests were applied to the most frequentl

+ To construct tests of the equality of two percentil used percentile weight-for-age growth curves of

growth curves as well as the equality of two séts ochildren less than 5 years, namely the 5th, 108th,2

growth curves from two independent populations50th, 75th, 90th and 95th percentile curves of Egyp

regardless of the shape of these curves (i.eregions. For the purposes of these tests, Egypt was

applying the tests will not necessitate fitting adivided into two regions: Region 1, which includes

mathematical model for the curves) urban governorates and Lower Egypt and Region 2,
* To investigate the performance of the tests bywhich includes Upper Egypt and frontier governcsate

studying the power properties of the tests undefhe percentile weight-for-age growth curves of dtgh

different distributions aged less than five in the two regions was obtaaretl
* To construct the weight-for-age growth curves ofthe equality of each pair of growth curves as waslthe

Egypt and of two regions of Egypt, namely Urbanequality of the two sets of curves was tested.
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Curve precedence test: The curve precedence testisa _ _ p,,—E(p, |H) 2
test of the equality of two growth curves of two < ~ var(p,, IH) (2)

independent populations based on the concept of the
precedence test. The precedence test is a nongaame .
test used in quality control to test whether ttietilne can b_e approx_lmated by _the standard _normal
distributions of two independent samples are theesa d|str|bu_t|0n_and this approximation can be use(ﬂrt?

As stated in (Balakrishnan and Tony Ng, 20086), theAPProximations to the critical values and the Rieal
precedence test was first established by Nelsd9&3 ,

and many studies have since proposed alternatoves El'heorem 1 (Ashour and_SaIem, .2005): If X/'s are .
the test. Precedence-type test is preferred initgual independent normal variables with mean 0 and unit

control studies when the units under the test arariance, i = 1, 2, ..., L, theri X? has chi-square
expensive, as these tests do not require that aie w =)
until all units under the test fail. distribution with L degrees of freedom.

In the case of the two samples X's and Y's, the Using the previous theorem, where L is the number
precedence test is based on the number of X'sf the groups, for the"rpercentile curve:
exceeding or preceding a certain quantile of the Y’

distribution. The test statisticpis defined as the (P ~E@un 1H) 2
number of values in the X-sample less than or etpual V, = [““DQ“'D] (3)
the " order statistic of the Y-sample under the null = Jvar(Ry 1H)
hypothesis K (Balakrishnan and Tony Ng, 2006).

For each group, the null hypothesis is: V, has chi-square distribution with L degrees of

freedom.
Ho: Fx = Fy

Where: Curve chi-square test: The curve chi-square test is a
F ere'.l'he odf of the X's test of the equality of two percentile curves fromo

, independent populations using the chi-square Fst.
The cdf of the Y's each group, the test is built on combining the damp
(j+r_1j[nl+nz_j_rj of the two populations in one sample (the combined

Fy

sample). For a certain percentile curve, the peileen
— (1)  value is calculated for the combined sample of each
(1 j group. The two populations are considered to have

"2 equal percentile curves if the observations of the

combined sample in each group that are less than or
equal to the percentile value of the group aredeidi
between the two samples in the same proportion with
which the whole combined sample of the group is
divided between the two samples.

The precedence test in its current form could be  Figure 1 presents an illustrative example of the
used to test whether the values of a percentila of CUrve chi-square testin a group. The example g Fi
certain group-for example infants aged 12-14 moitths Shows that the observations that are less thaqua éo
two populations are equal. In this case, the twopsas the 20th percentile of the combined sample areddii
are: Infants aged 12-14 months in population 1 andetween the_two samples in a different proportteamt
infants aged 12-14 months in population 2. The testh® observations of the whole sample.
allows us to make a decision regarding one agepgrou  For €ach group, the expected number of
The test needed to be modified to allow us to make OPServations less than or equal to a certain pekeém
decision concerning a whole curve that consists o€ I sample, i = 1, 2, ..., k, (here k = 2) should be
multiple groups. equal_ to the probab|l_|ty that an observat|0r_1 in the

Using the curve precedence test to test the dyuali cOMmbined sample of this group belongs to theample
of two growth curves, the null hypothesis of theveu mult|plled by the number of observations of the
is rejected if the summation of the precedence testombined sample of the group less than or equal the
statistics of the L groups exceeds a critical value percentile value. If the expected number of onehef

Desu and Raghavarao (2004) stated that, in thevo samples is very different from the observed
case of large samples, the distribution of Z, exped  number, then the two samples do not have equal
as: percentiles.
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combined

sample

XXXYYXYXXYYXYYYYVYXY ¥ XYY YX YYYYY | consists of Since k=2, thenkl =1

X333%

vy ‘ YY YZWYYY ¥V O¥¥Y V; has chi-square distribution with 1 degree of farad

=% * Theorem 2 (Ashour and Salem, 2005): If X4, Xy, ...,
X, are independent random variables having chi-
square distribution with Kk k,, ..., k degrees of
Fig. 1: lllustrative example of the curve chi-squidest  freedom, them:ix‘ has chi-square distribution with
in one group =1

_ k:ik. degrees of freedom.
In a certain group, the expected number of =

observations of a certain percentile curve of the The summation of the discrepancies in the L
combined sample that belong to one of the two sasnpl
has a binomial distribution with parameters jp, p

Let pi be the probability that an observation in the
combined sample of group j belongs to thedample,
=12, .., L i=1 2 X be the number of Curvesset chi-squaretest: The curves set test is a test
observations of the combined sample of group j lessf the equality of two sets of percentile growtines
than or equal the percentile value that beloncheof?  of two independent populations using tifetest. Each

L
groups YV, will have chi-square distribution with L

Py

]
degrees of freedom.

sample, j=1,2, ..., L,i=1, 2 anglve the number of population has a set of percentile curves, withheac
observations of the combined sample of group j lesgurve representing a certain percentile curve. The
than or equal the percentile value, j =1, 2, ..., L: samples of the two populations are combined and the

percentiles of the combined sample are determined.

« -1 4 Let y; be the value of the "upercentile of the
;pii - “) combined sample of group j,obe the number of the
observations of thé"isample of group j greater than
K Yw-1 and less than or equa);yand g; be the expected
DX =n, (5)  number of observations of th& sample of group |
= greater than ;) and less than or equajy
The expected number of observations of group j s, L& (0, =€, }
less than or equal the percentile value in theample v ZZZZ%
is E(%), where: u=l =1 i= uj
has chi-square distribution with SxL degrees of
E(X;i)=np ®)  freedom.

If any of the successive percentiles of the same
The discrepancy of the observed number from theyroup are equal, the degrees of freedom are decteas
expected number is reflected through the squaredy the number of empty categories.
difference of the observed number from the expected Table 1 shows the design of the chi-square curves
number and is divided by the expected number to puset test statistic calculations.
the discrepancies of the different samples and the _ _
different groups on equal footing. Distributions used fo_r the smulaﬂon: The powers of .
Let V, reflect the discrepancies of the observedth® tests were estimated in the case of symmetric
numbers from the expected numbers iougrj, distributions applying to the normal distributiondain

i=1.2,..L the case of skewed distributions applying to themga
distribution.
< (X, —E(X, )2 The normal distribution and Gamma distribution,
VJ.:ZW @) among many other distributions, were fitted for the
i=1 ji

Egypt Demographic and Health Survey (EDHS)
weight-for-age data for three age groups: 1-4 m&nth
V; has chi-square distribution with-k degrees of 5-8 months and 9-12 months using “EasyFit 5.1
freedom (Kapur and Saxena, 2007). Professional”.

49



Am. J. Biostatistics 1 (1): 46-61, 2010

Table 1: Design_ of the table of curves set chi-sguast statistic The power was tested under the shift in the logati
calculations parameter as well as under the shift in the scale
— Gy Cyrsy)  C¥r=yd)  C¥ry)  parameter through Monte Carlo simulations using
! P eﬁi gjﬁ gﬁ gill “MATLAB R2007b”. A program was developed for
Sample2 g, On12 Os12 Ost2 each of the three tests to: (a) generate a randomple
812 e 312 512 for each of the three age groups from each fitted

distribution, the normal distribution and the Gamma
distribution with the fitted values of the paranmetand

GL Sample 1 01 OsL1 o
eu &L (b) calculate the test statistic value. The progravare
1 then tested manually to ensure their correctness.
Sample 2 elQZ :w For each run, SPSS 16 was used to compare the
L2 L2

test statistic value of the sample with the talmdat

. . ... . values of chi-squarea(= 0.05) and to calculate the
The power was then investigated under the shift i ower of the test.

the location parameter as well as under the shithé

scale parameter of each of the two distributions. Application: Testing the equality of weight-for-age
growth curves of Egyptian regions. Anthropometric

Implementation of the Simulation: The power was indices are obtained for use in assessing nutstion

tested for each parameter under the shift “k” forstatus, health status and the impact of health

different values of k where: interventions. The most widely used anthropometric
indices are weight-for-height, height-for-age and

Ho: F(x.0) = R(x, (k+1)6) ag. H: F(x,0) # F(x, (k+1)6)  weight-for-age. In this study, the weight-for-agewth
curves of children less than 5 years in Egyptiayiomns

The power was also tested for different samplevere obtained and the three tests applied to tAéra.

sizes (R, np) where: tests were applied to the most frequently usedgnite

growth curves, namely the 5th, 10th, 25th, 50thth,75
n, = The size of the X sample 90th and 95th percentile curves. For the purposes o
n, = The size of the Y sample these tests, Egypt was divided into two regiongi&e

~ 1: Urban Governorates and Lower Egypt and Region 2:
The power was tested for the following Upper Egypt and Frontier Governorates. The pereenti

combinations of sample sizes: weight-for-age growth curves of children of the two
regions aged less than five were obtained and the
 m=50,n=50 equality of each pair of growth curves as well s t
e m=100,n=100 equality of the two sets of curves were tested.
e n,=500, =500 The section on child health in the EDHS includes
e n=100,pB=50 data about child’'s birth weight, current weightyremt
e« n,=100,p=280 height (length/stature) and current age. Age anighwe
data are used to obtain weight-for-age curves &ypE
Number of runs “R” was calculated as follows: ~ The different cycles of the survey were conductsidg
the same methodologies and the data collected tising
(1-p) same definitions.
R= p(cv)z Before developing growth charts, age data had to
be grouped, with each group containing 400-500
observations to achieve precision of the empirical
Where: o percentiles at the specific age groups (Kuczmaatsii.,
p = The level of significance 2002). In order to have a sufficient number of
cv = The coefficient of variation observations, EDHS 2000, EDHS 2003 and EDHS

. L 2005 data were pooled.
Under a 20% coefficient of variation and 0.05 leve Pooling the data of the three cycles could be

of significance, R = 475. accepted since:
Under a 15% coefficient of variation and 0.05 leve
of significance, R = 844. e The time period of the three cycles was not too
The simulation was implemented with R = 500 and  long, thus the population could not experience a
R =1000. natural change in its anthropometric standards
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. No nutrition or health interventions that could Table 2: Fitted parameters of the normal and gawtistebutions

affect the population’s anthropometric standards
were applied in Egypt during that period

* The data of the three cycles were collected usinggma

the same definitions and methodologies

Age group
Distribution Parameter 1-4 5-8 9-12
il 5.499 7.542 8.930
6] 1.365 1.351 1.376
Gamma a 16.228 31.152 42.120
B 0.339 0.242 0.212

Children were grouped by age as follows:

« Infants aged 1-11 months were grouped by singléSimulation results under the shift in the location

month

parameter: Table 3 shows the power of the three tests

« Infants aged 12-23 months were grouped by 3under the shift in the normal distribution location

month interval

parameter, while Table 4 shows the power of theethr

. Children aged 24-59 months were grouped by GIeStS under the shift in the Gamma distributioratmmn

month interval

parameter.

The power estimation through Monte Carlo

The 5th, 10th, 25th, 50th, 75th, 90th and 95thsimulation fora. = 0.05 shows the following:

percentiles of each age group in Egypt and in edch
the two regions were calculated to construct tloavgr
curves. .
For the curve precedence test and the curve chi-
square test, the hypotheses were as follows:

Ho: Region 1 and Region 2 have the safhpercentile
curve .

Against:
H:: Region 1 and Region 2 do not have the sathe r
percentile curve .

For the curves set chi-square test, the hypotheses
were as follows:
Ho: The set of growth curves of Region 1 and Region 2
are equal

Against: .

H;: The set of growth curves of Region 1 and Region 2
are not equal

RESULTSAND DISCUSSION .

Power of thethreetests:
Distribution used for the simulation: Goodness of fit
results were better in the case of the Gamma
distribution than in the case of the normal disttibn.
Nevertheless, the powers of the tests were inastig
under the normal distribution as well since thisised
very frequently.

Table 2 shows the parameter estimates for the
normal and Gamma distributions.
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The power of the three tests increases with
increasing sample sizes

The power of the three tests increases with
increasing values of the shift “k”

The power reaches 1 with a shift that ranges from
0.1, in the case of;r= n,= 500, to 0.25, in the case
of ny =n,=50

The difference in the sizes of the two samples
tested against each other does not affect the power
value

The power with R = 1000 shows slight differences
from the power with R = 500

The power of the curve chi-square test and the
curve precedence test is higher in the case of the
10th percentile curve than in the case of the 75th
percentile curve

A comparison of the power of the curve chi-square
test and the curve precedence test reveals that the
curve precedence test performs better than the
curve chi-square test

The power differs slightly between normal
distribution and Gamma distribution in the case of
the 10th percentile curve. The difference is higher
in the case of the 75th percentile curve, with &igh
power for normal distribution

The power of the curves set chi-square test is
higher than the power of the curve chi-square test,
especially for relatively large shiftsX®.1)

The power of the 10th percentile curve precedence
test is higher than the power of the curves set chi
square test. In the case of relatively large sample
sizes, (p= 100, n=80), (n=nm=100), (n=n,=
500), under the normal distribution, the power of
the 75th percentile curve precedence test is also
higher than the power of the curves set chi-square
test
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Table 3: Power of the three tests under the ghithé normal distribution location parameter

Curve precedence test

Curve chi-square test

CS Chi-Squee
R n n K 10th percentile 75th percentile  10th percentile’5th percentile test
500 50 50 0.05 0.288 0.054 0.116 0.000 0.054
0.10 0.792 0.448 0.512 0.026 0.504
0.15 0.978 0.902 0.872 0.248 0.962
0.20 1.000 1.000 0.986 0.818 1.000
0.25 1.000 1.000 1.000 0.994 1.000
100 100 0.05 0.456 0.252 0.248 0.002 0.188
0.10 0.972 0.936 0.878 0.274 0.930
0.15 1.000 1.000 0.998 0.944 1.000
0.20 1.000 1.000 1.000 1.000 1.000
500 500 0.05 0.968 0.994 0.968 0.504 0.978
0.10 1.000 1.000 1.000 1.000 1.000
100 50 0.05 0.366 0.114 0.110 0.000 0.050
0.10 0.852 0.670 0.514 0.104 0.594
0.15 0.998 0.984 0.886 0.786 0.990
0.20 1.000 1.000 0.996 0.996 1.000
0.25 1.000 1.000 1.000 1.000 1.000
100 80 0.05 0.406 0.214 0.208 0.000 0.124
0.10 0.950 0.908 0.798 0.210 0.856
0.15 1.000 1.000 0.992 0.912 1.000
0.20 1.000 1.000 1.000 1.000 1.000
1000 50 50 0.05 0.290 0.058 0.127 0.000 0.065
0.10 0.775 0.462 0.481 0.012 0.488
0.15 0.978 0.921 0.861 0.279 0.946
0.20 1.000 1.000 0.990 0.800 0.999
0.25 1.000 1.000 1.000 0.990 1.000
100 100 0.05 0.440 0.273 0.281 0.002 0.195
0.10 0.961 0.947 0.875 0.241 0.930
0.15 1.000 1.000 0.996 0.951 1.000
0.20 1.000 1.000 1.000 1.000 1.000
500 500 0.05 0.968 0.994 0.952 0.491 0.980
0.10 1.000 1.000 1.000 1.000 1.000
100 50 0.05 0.348 0.114 0.097 0.001 0.070
0.10 0.862 0.692 0.470 0.117 0.609
0.15 0.993 0.991 0.898 0.801 0.979
0.20 1.000 1.000 0.986 0.991 1.000
0.25 1.000 1.000 1.000 1.000 1.000
100 80 0.05 0.382 0.200 0.186 0.002 0.165
0.10 0.920 0.899 0.772 0.227 0.841
0.15 1.000 1.000 0.991 0.939 0.999
0.20 1.000 1.000 1.000 1.000 1.000
Table 4: Power of the three tests under the shitté gamma distribution location parameter
Curve precedence test Curve chi-square test
R mn n K 10th percentile 75th percentile 10th percentiféth percentile  CS Chi-Squasst
500 50 50 0.05 0.288 0.052 0.120 0.000 0.068
0.10 0.790 0.380 0.518 0.014 0.530
0.15 0.978 0.858 0.892 0.192 0.942
0.20 1.000 0.990 0.990 0.690 1.000
0.25 1.000 1.000 1.000 0.964 1.000
100 100 0.05 0.446 0.242 0.292 0.000 0.232
0.10 0.974 0.910 0.888 0.198 0.920
0.15 1.000 1.000 0.996 0.922 1.000
0.20 1.000 1.000 1.000 1.000 1.000
500 500 0.05 0.970 0.992 0.962 0.450 0.988
0.10 1.000 1.000 1.000 1.000 1.000
100 50 0.05 0.362 0.098 0.074 0.000 0.088
0.10 0.860 0.616 0.508 0.098 0.624
0.15 0.996 0.984 0.892 0.686 0.968
0.20 1.000 1.000 0.998 0.990 0.998
0.25 1.000 1.000 1.000 1.000 1.000
100 80 0.05 0.412 0.182 0.242 0.000 0.162
0.10 0.920 0.860 0.808 0.178 0.850
0.15 1.000 1.000 0.996 0.862 1.000
0.20 1.000 1.000 1.000 1.000 1.000
1000 50 50 0.05 0.312 0.061 0.132 0.000 0.078
0.10 0.801 0.385 0.520 0.009 0.499
0.15 0.989 0.866 0.896 0.203 0.938
0.20 0.999 0.992 0.987 0.721 1.000
0.25 1.000 1.000 1.000 0.967 1.000
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Table 4: Continued
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100

500
100

100

100

500
50

80

0.05
0.10
0.15
0.20

0.05
0.10

0.05
0.10
0.15
0.20
0.25

0.05
0.10
0.15
0.20

0.448 0.238 0.298 0.002
0.972 0.901 0.866 0.195
1.000 1.000 0.999 0.890
1.000 1.000 1.000 0.999

0.975 0.995 0.967 0.463
1.000 1.000 1.000 1.000
0.374 0.100 0.096 0.001
0.877 0.671 0.518 0.087
0.999 0.980 0.887 0.694
1.000 1.000 0.992 0.989
1.000 1.000 1.000 1.000

0.407 0.195 0.243 0.001
0.930 0.846 0.800 0.161
1.000 0.999 0.988 0.866
1.000 1.000 1.000 0.999

0.224
0.919
1.000
1.000

0.981
1.000

0.095
0.606
0.980
1.000
1.000

0.157
0.855
1.000
1.000

Table 5: Power of the three tests under the shifthé normal distribution scale parameter

Curve precedence test Curve chi-square test

R mn n, K 10th percentile  75th percentile 10th percentil@5th percentile CS Chi-Squasst
500 50 50 0.25 0.012 0.052 0.138 0.000 0.066
0.50 0.002 0.206 0.444 0.000 0.342
0.75 0.000 0.458 0.784 0.000 0.714
1.00 0.000 0.710 0.942 0.010 0.922
1.50 0.000 0.938 0.996 0.072 0.998
100 100 0.25 0.054 0.124 0.276 0.000 0.176
0.50 0.522 0.486 0.858 0.002 0.786
0.75 0.912 0.778 0.992 0.016 0.988
1.00 0.992 0.964 1.000 0.092 1.000
1.50 1.000 1.000 1.000 0.436 1.000
500 500 0.25 0.944 0.664 0.968 0.004 0.980
0.50 1.000 0.998 1.000 0.498 1.000
0.75 1.000 1.000 1.000 0.976 1.000
1.00 1.000 1.000 1.000 1.000 1.000
100 50 0.25 0.008 0.104 0.218 0.000 0.118
0.50 0.060 0.314 0.644 0.002 0.566
0.75 0.330 0.626 0.924 0.004 0.916
1.00 0.606 0.862 0.992 0.022 0.990
1.50 0.936 0.976 1.000 0.102 1.000
100 80 0.25 0.046 0.116 0.302 0.000 0.116
0.50 0.360 0.416 0.812 0.000 0.710
0.75 0.824 0.786 0.984 0.016 0.980
1.00 0.970 0.940 0.996 0.048 1.000
1.50 1.000 1.000 1.000 0.298 1.000
1000 50 50 0.25 0.012 0.055 0.127 0.000 0.058
0.50 0.002 0.190 0.445 0.000 0.322
0.75 0.000 0.437 0.797 0.002 0.713
1.00 0.003 0.706 0.939 0.004 0.933
1.50 0.000 0.932 0.997 0.041 0.996
100 100 0.25 0.064 0.123 0.324 0.000 0.165
0.50 0.509 0.474 0.843 0.002 0.802
0.75 0.917 0.838 0.983 0.022 0.986
1.00 0.995 0.995 1.000 0.117 1.000
1.50 1.000 1.000 1.000 0.454 1.000
500 500 0.25 0.956 0.683 0.960 0.015 0.968
0.50 1.000 0.999 1.000 0.517 1.000
0.75 1.000 1.000 1.000 0.978 1.000
1.00 1.000 1.000 1.000 0.999 1.000
100 50 0.25 0.013 0.062 0.217 0.000 0.113
0.50 0.071 0.308 0.675 0.000 0.544
0.75 0.308 0.627 0.930 0.004 0.909
1.00 0.641 0.857 0.983 0.025 0.994
1.50 0.928 0.972 1.000 0.102 1.000
100 80 0.25 0.035 0.109 0.274 0.000 0.158
0.50 0.374 0.417 0.788 0.002 0.744
0.75 0.839 0.757 0.978 0.016 0.977
1.00 0.975 0.939 0.999 0.060 1.000
1.50 1.000 1.000 1.000 0.319 1.000
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Table 6: Power of the three tests under the ghithé gamma distribution scale parameter

Curve precedence test

Curve chi-square test

R n n, K 10th percentile  75th percentile 10th percentil@5th percentile  CS Chi-Squaest
500 50 50 0.05 0.236 0.066 0.090 0.000 0.060
0.10 0.678 0.446 0.350 0.012 0.392
0.15 0.938 0.916 0.744 0.274 0.902
0.20 0.992 0.994 0.940 0.708 0.988
0.25 1.000 1.000 0.994 0.976 1.000
100 100 0.05 0.416 0.280 0.212 0.002 0.170
0.10 0.924 0.954 0.752 0.204 0.872
0.15 1.000 1.000 0.976 0.922 0.996
0.20 1.000 1.000 1.000 0.998 1.000
500 500 0.05 0.958 0.994 0.912 0.546 0.966
0.10 1.000 1.000 1.000 1.000 1.000
100 50 0.05 0.280 0.080 0.068 0.000 0.064
0.10 0.766 0.722 0.348 0.094 0.500
0.15 0.982 0.990 0.718 0.718 0.926
0.20 1.000 1.000 0.920 0.988 0.998
0.25 1.000 1.000 0.990 1.000 1.000
100 80 0.05 0.400 0.246 0.186 0.004 0.108
0.10 0.872 0.904 0.656 0.158 0.788
0.15 0.994 1.000 0.958 0.898 0.996
0.20 1.000 1.000 0.998 1.000 1.000
1000 50 50 0.05 0.266 0.072 0.094 0.000 0.063
0.10 0.690 0.462 0.365 0.018 0.402
0.15 0.946 0.888 0.749 0.238 0.886
0.20 0.999 0.990 0.932 0.752 0.996
0.25 1.000 1.000 0.993 0.966 1.000
100 100 0.05 0.376 0.271 0.215 0.002 0.170
0.10 0.910 0.940 0.759 0.245 0.855
0.15 0.998 1.000 0.978 0.920 0.999
0.20 1.000 1.000 1.000 1.000 1.000
500 500 0.05 0.941 0.993 0.904 0.554 0.957
0.10 1.000 1.000 1.000 1.000 1.000
100 50 0.05 0.308 0.124 0.070 0.002 0.068
0.10 0.778 0.728 0.357 0.083 0.493
0.15 0.975 0.980 0.728 0.686 0.912
0.20 0.998 1.000 0.939 0.995 1.000
0.25 1.000 1.000 0.992 1.000 1.000
100 80 0.05 0.346 0.221 0.160 0.001 0.130
0.10 0.865 0.878 0.638 0.180 0.746
0.15 0.995 0.998 0.957 0.870 0.997
0.20 1.000 1.000 0.999 1.000 1.000
Simulation results under the shift in the scale shifts in the location parameter. High power values

parameter: Table 5 shows the power of the three tests

under the shift

in the normal distribution scale

parameter, while Table 6 shows the power of theethr
tests under the shift in the Gamma distributionlesca
parameter.

The estimation of the power through Monte Carlo

simulation fora = 0.05 shows the following: .

The power of the three tests increases with
increasing sample sizes
The power of the three tests increases with
increasing values of the shift “k”
In the case of the normal distribution, the thestgt
are less sensitive to shifts in the scale parantieder
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require higher shift values than in the case ohbot
the normal distribution location parameter and the
Gamma distribution scale parameter. Thus, under
the normal distribution, the tests are more powerfu
in the case of the shift in location parameter than
the shift in scale parameter

The power with R = 1000 shows slight differences
from the power with R = 500

Under the normal distribution, the curve chi-square
test is more powerful in testing the 10th percentil
curve than in testing the 75th percentile curve,
while the curve precedence test is less powerful in
testing the 10th percentile curve than in testimg t
75th percentile curve
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Under the Gamma distribution, the power of the*
curve chi-square test is higher in the case of the
10th percentile curve than in the case of the 75th
percentile curve. Although the power of the curve
precedence test is higher in the case of the 10th
percentile curve than in the case of the 75th
percentile curve for low values of “k”, it is highe

in the case of the 75th percentile curve than & th
case of the 10th percentile curve for higher values
of “k”

'y

i
-
4

Woaght (Kg

(Region 1): Urban governorates and lower

A comparison of the power of the curve
precedence test and the curve chi-square test
reveals that under the normal distribution the eurv
precedence test is more powerful than the curve
chi-square test in the case of the 75th percentile,
while it is less powerful than the curve chi-square
test in the case of the 1Qtkrcentile curve. Under
the Gamma distribution, on the other hand, the
curve precedence test is more powerful than the
curve chi-square test in testing both the™10
percentile and the 75th percentile curve

Testing the equality of weight-for-age growth curves

of Egyptian regions. The percentile growth curves of
the two Egyptian regions, namely Region 1: Urban
Governorates and Lower Egypt and Region 2: Upper
Egypt
Fig. 2. The 5th, 10th, 25th, 50th, 75th, 90th aith9
percentile curves for Egypt and the two regions are
presented in Fig. 3-9.

and Frontier Governorates, are presemed i

4
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o Age (months)
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16 Sy Fig. 3: 5th percentile curves for Egypt and the two
o o regions
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Fig. 2: Percentile growth curves for Regions 1 &nd [ —+ Regonl & Region2 —+ Egwpt |

Egypt (Region 2): Upper Egypt and frontier Fig. 4: 10th percentile curves for Egypt and the tw

governorates
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20
5 Testing the equality of the weight-for-age growth
16 curves using the curve precedence test: Table 7-14

o W show the results of the curve precedence test tsed

E 121 test the equality of each pair of growth curves for

E 1'; Region 1 and 2.

T The critical values of the? distribution with
4 (o = 0.05) and number of groups (L = 21) are:
DS S S S A X007, 217 10.283

Age (months) X (0.025, 21)= 35.479
‘ —#+—Region]l —®— Region? —ia— Eg}'pt|
Comparing the calculated test statistics afd
Fig. 7: 75th percentile curves for Egypt and theo tw tabulated values, we reject the hypothesis thdt patr

regions of percentile curves are equal (Table 14).
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Table 7: Results of the weight-for-age 5th perdenticurve Table 9: Results of the weight-for-age 25th perltentcurve

precedence test precedence test
Urban Upper Egypt Urban Upper Egypt
gméelrnorates and Fronttier governorates  and Frontier
and lower governorates and lower governorates
. e Ehy Vel Egpt() () E(o)  Var()
2 17 17 14.98 2655 1 81 76 60.11 77.45
3 14 17 10.83 18.17 2 80 86 70.48 98.16
4 21 25 18.87 33.27 3 75 49 58.00 74.84
5 12 26 11.77 22.15 4 77 62 69.20 98.01
6 19 16 15.74 26.96 5 71 94 69.63 99.88
! 16 25 13.26 2278 g 86 112 71.26 94.43
. Booon® o oum o m wm wse s
10 15 16 10.15 1610 8 82 95 56.38 70.53
11 17 21 13.97 23.73 9 79 107 70.22 94.74
12-14 45 54 34.87 58.44 10 77 69 52.13 64.07
15-17 45 54 35.08 59.10 11 75 97 61.65 80.11
18-20 42 52 32.30 54.31 12-14 224 268 173.59 223.87
21-23 43 59 30.35 49.04 15-17 229 260 178.49 233.36
o o o 034t 0878 1820 235 252 180.73 232.69
36-41 83 137 68.41 11845 2123 212 237 149.62 190.26
42-47 82 103 66.39 113.89 24-29 483 454 348.38 436.33
48-53 87 154 67.69 113.90 30-35 436 504 353.67 469.03
54-59 73 152 58.75 100.63  36-41 430 570 354.42 477.77
42-47 399 500 323.06 437.83
Table 8: Results of the weight-for-age 10th peritentcurve 48-53 453 616 352.46 453.31
precedence '[est 54'59 377 489 30342 40496
Urban Upper Egypt
g%ﬁgxé?tes g%r\‘/%;rggt'g; Table 10: Results of the weight-for-age 50th petitEncurve
Egypt®)  (m) E(o)  Var() brecedence test
1 34 29 25.23 39.07 Urban Upper Egypt
2 30 32 26.43 44.78 governorates and Frontier
3 29 22 2943 35.50 and lower governorates
4 42 44 37.75 61.63 Egypt (1) (R) E (pn) Var ()
5 30 44 29.42 51.36 1 157 139 116.50 101.15
6 38 51 31.49 50.47 2 160 154 140.96 128.33
7 28 40 23.20 38.04 3 148 108 114.46 94.58
8 33 55 22.69 34.23 4 166 150 149.18 129.17
9 28 33 24.89 42.14 5 136 154 133.38 125.52
1(1) gg 4312 3(1)2% gg-g‘?‘r 6 161 166 133.40 118.88
: . 7 141 133 116.83 105.67
15-17 90 149 70.15 11173 147 157 130.67 116.36
18-20 88 111 67.68 10743 o 150 134 10155 82 23
21-23 88 128 62.11 94.67 : :
24-29 181 211 130.55 20170 11 138 139 113.43 98.27
30-35 168 220 136.27 22126 1214 430 407 333.22 281.71
36-41 190 273 156.61 25264 1517 452 441 35231 299.36
42-47 184 256 148.98 23829  18-20 437 421 336.08 294.18
48-53 167 300 129.93 20738  21-23 432 382 304.88 251.01
54-59 144 270 115.90 188.27 24-29 913 796 658.53 550.49
30-35 846 826 686.24 597.84
. . . 36-41 839 962 691.54 619.69
Testing the equality of the_ weight-for-age growth 42-47 817 879 66150 582.40
curves using the curve chi-square test: Tablt_a 15 4853 821 926 638.78 566.85
presents the results of the tests of the equafith® 54-59 748 781 602.01 525.67

weight-for-age growth curves using the curve chi-

square test. Comparing the calculated test statistics afd

L . . .

>V, has chi-square with 21 degrees of freedonmfabulated values, we reject the hypothesis thét pag

= of percentile curves is equal except for the 95th
Xz(o.os, 21~ 32.671. percentile curves.
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Table 11: Results of the weight-for-age 75th petiteencurve Table 13: Results of the weight-for-age 95th petiteencurve

precedence test precedence test
Urban Upper Egypt Urban Upper Egypt
governorates and Frontier governorates  and Frontier
and lower governorates and lower governorates
Eoypt(r) () E () var (Ro) Egypt() () E(y)  Var(m)
1 243 199 180.32 70.80
2 237 197 208.80 93.16 © 298 219 221.13 19.57
3 213 169 164.73 68.06 2 295 255 259.9 25.07
4 229 212 205.80 98.01 3 267 206 206.49 14.44
5 195 221 191.25 94.34 4 2901 268 261.52 24.26
6 237 201 196.37 88.63 5 249 252 244.21 20.39
7 210 172 174.00 79.26 6 299 241 247.74 2294
8 243 190 167.06 67.63 7 265 218 219.57 21.43
o 2 1 woe1  eo1s 305 213 20969 1653
11 204 173 167.68 69.17 9 265 243 235.56 22.25
12-14 623 536 482.79 20720 10 217 191 187.52 15.08
15-17 653 566 508.98 22251 11 252 210 207.14 17.09
18-20 650 553 499.88 220.32 12-14 780 616 604.45 54.75
21-23 642 491 453.09 179.13 15-17 824 655 642.26 55.36
24-29 1359 1132 980.22 395.94 18-20 822 649 632.16 56.75
30-35 1231 1124 998.54 44326  21-23 796 575 561.77 45.79
36-41 1259 1235 1037.72 44832 5499 1694 1253 1221.85 97.05
22‘;‘; 122; ﬂig g;i-‘?‘g jﬁ-gg 30-35 1557 1285 1262.97 103.72
54.59 1093 083 879.68 390.62 36-41 1574 1342 1297.36 108.95
42-47 1513 1256 1225.04 109.94
Table 12: Results of the weight-for-age 90th pelitencurve 48-53 1560 1259 1213.76 105.21
precedence test 54-59 1378 1153 1109.05 99.32
Urban Upper Egypt
Governorates  and Frontier Table 14: Results of the weight-for-age growth esnprecedence
and lower governorates test
Egypt (r) (@) E () var (Ro) Percentile \% Decision ¢ = 0.05)
1 284 213 210.74 34.96 -
2 283 233 249.33 42.09 5 295.89 Reject b
3 251 198 194.12 33.31 10 660.52 Reject &
4 278 266 249.84 43.26 25 711.30 Reject H
5 233 242 228.52 46.83 50 620.48 Reject H
6 286 228 236.97 39.77 75 418.90 Reject ¢
7 251 204 207.97 39.25 90 223.67 Reject H
8 287 210 197.31 34.23 95 107.22 Reject 1
9 251 230 223.11 42.14
10 262 187 177.37 29.54
11 241 208 198.09 31.33 Table 15: Results of the weight-for-age growth @snchi-square
12-14 746 607 578.10 94.76 test
15-17 782 637 609.53 105.08 . S -
18-20 783 628 602.17 101.98 Percentile z f Decision ¢ = 0.05)
21-23 756 551 533.54 86.99 =
24-29 1599 1233 1153.33 197.74 05 150.72 Reject &
30-35 1472 1244 1194.03 210.69 10 304.95 Reject {H
36-41 1488 1326 1226.47 219.54 25 435.08 Reject ¢+
42-47 1437 1226 1163.50 204.87 50 327.08 Reject ¢+
48-53 1479 1232 1150.73 20074 75 141.32 Reject ¢
54-59 1306 1120 1051.10 188.27 90 35.37 Reject b
. . . 95 8.82 Can't reject i
Testing the equality of the two sets of weight-for-

age growth curves using the curves set chi-square ) o

test: Table 16 shows the results of the curves set chi- Comparing the calculated test statistic agfd
square test. V has chi-square with 147° of freedontabulated value, we reject the hypothesis thatttie
%’0.05, 147= 176.29. sets of curves are equal.
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Table 16: Results of the weight-for-age curvehesquare test

Percentile
Age group p05 p10 p25 p50 p75 p90 p95 Total
1 O 18.00 15.00 40.00 76.00 80.00 51.00 21.00

(o 23.00 6.00 35.00 69.00 61.00 17.00 10.00

el 23.50 12.04 42.99 83.12 80.83 38.98 17.77

e2 17.50 8.96 32.01 61.88 60.17 29.02 13.23

Chi-square 3.02 1.71 0.49 1.43 0.02 8.68 1.37 216.7
2 O 17.00 13.00 50.00 80.00 85.00 40.00 14.00

(0 17.00 15.00 53.00 68.00 50.00 39.00 15.00

el 18.05 14.86 54.67 78.56 71.66 41.93 15.39

e2 15.95 13.14 48.33 69.44 63.34 37.07 13.61

Chi-square 0.13 0.50 0.85 0.06 5.29 0.19 0.27 7.29
3 O 12.00 16.00 46.00 73.00 59.00 43.00 18.00

(0 14.00 7.00 27.00 59.00 57.00 33.00 9.00

el 14.64 12.95 41.10 74.32 65.31 42.79 15.20

e2 11.36 10.05 31.90 57.68 50.69 33.21 11.80

Chi-square 1.09 1.64 1.34 0.05 1.39 0.00 1.18 6.70
4 O 13.00 13.00 59.00 66.00 77.00 43.00 13.00

(o 18.00 16.00 36.00 72.00 70.00 48.00 7.00

el 16.30 15.25 49.96 72.57 77.30 47.85 10.52

e2 14.70 13.75 45.04 65.43 69.70 43.15 9.48

Chi-square 1.41 0.70 3.45 1.25 0.00 1.04 1.24 9.09
5 O 10.00 6.00 43.00 63.00 62.00 42.00 16.00

(0 15.00 22.00 46.00 61.00 65.00 31.00 8.00

el 12.60 14.11 44.85 62.48 63.99 36.78 12.09

e2 12.40 13.89 44.15 61.52 63.01 36.22 11.91

Chi-square 1.08 9.39 0.15 0.01 0.13 1.49 2.54 4.8
6 O 19.00 8.00 38.00 82.00 90.00 54.00 13.00

(o 16.00 20.00 52.00 70.00 43.00 31.00 12.00

el 19.11 15.29 49.15 83.01 72.63 46.42 13.65

e2 15.89 12.71 40.85 68.99 60.37 38.58 11.35

Chi-square 0.00 7.66 5.57 0.03 9.15 2.73 0.07 125.2
7 O 7.00 13.00 42.00 78.00 74.00 45.00 8.00

(o 18.00 14.00 46.00 55.00 42.00 35.00 13.00

el 13.65 14.74 48.05 72.62 63.33 43.68 11.47

e2 11.35 12.26 39.95 60.38 52.67 36.32 9.53

Chi-square 7.14 0.45 1.68 0.88 3.96 0.09 2.31 a6.5
8 O 14.00 12.00 43.00 80.00 83.00 49.00 20.00

(0 12.00 22.00 55.00 41.00 44.00 35.00 5.00

el 15.39 20.12 58.00 71.61 75.16 49.71 14.80

e2 10.61 13.88 40.00 49.39 51.84 34.29 10.20

Chi-square 0.31 8.03 9.50 2.41 2.00 0.03 4.48 ®6.7
9 O 16.00 8.00 36.00 74.00 77.00 35.00 14.00

(o 13.00 16.00 52.00 64.00 49.00 35.00 12.00

el 15.33 12.68 46.51 72.94 66.59 37.00 13.74

e2 13.67 11.32 41.49 65.06 59.41 33.00 12.26

Chi-square 0.06 3.67 5.04 0.03 3.45 0.23 0.01 92.4
10 (o} 15.00 15.00 34.00 65.00 79.00 46.00 19.00

(o 16.00 14.00 28.00 56.00 53.00 19.00 4.00

el 18.46 17.27 36.92 72.05 78.60 38.71 13.70

e2 12.54 11.73 25.08 48.95 53.40 26.29 9.30

Chi-square 1.60 0.74 0.57 1.71 0.00 3.40 5.08 3.1
11 (0} 11.00 9.00 31.00 77.00 63.00 39.00 16.00

(0 15.00 20.00 45.00 47.00 42.00 35.00 5.00

el 14.25 15.89 41.64 67.94 57.53 40.55 1151

e2 11.75 13.11 34.36 56.06 47.47 33.45 9.49

Chi-square 1.64 6.61 6.02 2.67 1.15 0.13 3.88 ®2.0
12-14 Q 37.00 20.00 123.00 202.00 213.00 123.00 59.00

(o 44.00 45.00 133.00 153.00 149.00 75.00 13.00

el 45.61 36.60 144.15 199.90 203.84 111.49 40.54

e2 35.39 28.40 111.85 155.10 158.16 86.51 31.46

Chi-square 3.72 17.24 7.10 0.05 0.94 2.72 19.23 .0B1
15-17 Q 40.00 24.00 133.00 205.00 221.00 145.00 47.00

(0 44.00 47.00 127.00 193.00 150.00 73.00 17.00
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Table 16: Continued

el 47.18 39.88 146.04 22355 208.39 122.45 35.95
e2 36.82 31.12 113.96 174.45 162.61 95.55 28.05
Chi-square 2.49 14.43 2.66 3.51 1.74 9.48 7.75 0&42.
18-20 Q 34.00 37.00 115.00 216.00 234.00 122.00 54.00
(o} 45.00 48.00 121.00 191.00 131.00 84.00 23.00
el 44.63 48.02 133.34 229.95 206.22 116.39 43.50
e2 34.37 36.98 102.66 177.05 158.78 89.61 33.50
Chi-square 5.82 5.82 5.80 1.95 8.6 0.62 5.82 34.43
21-23 Q 26.00 35.00 104.00 207.00 239.00 135.00 35.00
(o} 45.00 47.00 104.00 156.00 124.00 72.00 26.00
el 41.60 48.05 121.88 21271 212.71 121.29 35.74
e2 29.40 33.95 86.12 150.29 150.29 85.71 25.26
Chi-square 14.13 8.56 6.34 0.37 7.85 3.74 0.04 0H#1.
24-29 Q 79.00 80.00 270.00 397.00 430.00 284.00 123.00
(o} 74.00 90.00 248.00 319.00 330.00 159.00 26.00
el 88.87 98.74 300.87 415.87 441.43 257.31 86.54
e2 64.13 71.26 217.13 300.13 318.57 185.69 62.46
Chi-square 2.61 8.49 7.55 2.04 0.71 6.61 36.64 6%4.
30-35 Q 65.00 79.00 211.00 371.00 440.00 268.00 104.00
(o} 86.00 109.00 223.00 333.00 320.00 155.00 49.00
el 83.35 103.77 239.56 388.59 419.51 233.49 84.45
e2 67.65 84.23 194.44 315.41 340.49 189.51 68.55
Chi-square 9.02 13.20 76 1.78 2.23 11.39 10.10 3155
36-41 Q 63.00 61.00 214.00 359.00 407.00 319.00 110.00
(o} 94.00 117.00 233.00 384.00 344.00 127.00 33.00
el 86.04 97.55 244.97 407.18 41157 244.42 78.37
e2 70.96 80.45 202.03 335.82 339.44 201.58 64.63
Chi-square 13.65 30.30 8.66 12.61 0.11 50.35 28.25 143.94
42-47 Q 68.00 51.00 204.00 341.00 451.00 271.00 108.00
(o} 86.00 93.00 261.00 338.00 297.00 130.00 39.00
el 85.07 79.55 256.88 375.10 413.22 221.52 81.21
e2 68.93 64.45 208.12 303.90 334.78 179.48 65.79
Chi-square 7.66 22.89 24.32 6.93 7.72 24.69 19.75 113.96
48-53 Q 54.00 59.00 171.00 392.00 427.00 322.00 106.00
(o} 105.00 90.00 281.00 345.00 271.00 114.00 39.00
el 89.40 83.78 254.14 414.39 392.46 245.15 81.53
e2 69.60 65.22 197.86 322.61 305.54 190.85 63.47
Chi-square 32.02 16.74 62.14 2.76 6.94 55.04 16.78 192.43
54-59 Q 44.00 44.00 189.00 367.00 390.00 218.00 93.00
(o} 107.00 66.00 213.00 322.00 245.00 148.00 38.00
el 83.64 60.93 222.67 381.64 351.73 202.73 72.56
e2 67.36 49.07 179.33 307.36 283.27 163.27 58.44
Chi-square 42.11 10.54 11.41 1.26 9.34 2.58 12.91 90.15
Total Chi-square 999.69
CONCLUSION Table 17: Preferred test in selected cases
Shift Percentile  Normal Dist. Gamma Dist.
The powers of the tests were estimated in the cadecation parameter Any Curve precedence ~ Cureeguence
of symmetric distributions applied to the normal Scae 10th Curve chi-square  Curve precedence

distribution and in the case of skewed distribution”2/@meter 75th Curve precedence Curve precedence

applied to the Gamma distribution. The curve

precedence test was more powerful than the curie ch  Applying the new tests to the weight-for-age
square test in testing the equality of growth csarve growth curves of the two Egyptian regions showeat th
under the shift in the location parameter of bdth t the regions have different growth curves and hence
normal distribution and the gamma distributionwlis  different nutritional status.

also more powerful than the curve chi-square test i
testing the equality of growth curves under thdtghi
the scale parameter of the gamma distribution and i
testing equality of growth curves with high rankslar
the shift in the scale parameter of the normalAshour, S.K. and S.A. Salem, 2005. Probability
distribution. Table 17 shows the preferred test in  Distributions. Institute of Statistical Studies and
selected cases. Research (ISSR), Cairo University, pp: 197-202.
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