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ABSTRACT

In this study, expressions for the joint probability distributions of the number of normal deliveries and number of
cesarean section deliveries in hospitals were obtained when the number of deliveries is assumed to be a random variable.
A goodness of fit test was carried out on them using Kolmogorov-Sminov test. Regression equations for predicting the
number of normal deliveries for a given number of cesarean deliveries and vice-versa as well as expressions for the
correlation coefficients are also obtained. Number of deliveries are assumed to follow the binomial and Poisson
distributions. The models are fitted to the data collected from Regina Caeli Hospital (between 2006 and 2010) in Awka,
Anambra State, Nigeria. It was discovered that the Poisson distribution provided a better fit. This model gave a
correlation coefficient value of 0 between the number of normal deliveries and that of cesarean deliveries with a
conditional variance of 0.4034. The variation between the number of deliveries of different modes (normal or cesarean)
widens as the number of deliveries increases.
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deliveries.
INTRODUCTION

Researchers who have studied similar things in this regard
include Janardan and Rao (1984). In their research, they
gave two classes of probability models for the distribution
of the number of boys in a family. Their distributions
were based on the Polya urn scheme as well as some
genetic  considerations. They established several
interrelationships and indicated some special cases of
their results. Sharma (1985) proposed some probability
models for the same situation and discussed their
adequacy with the same data used by Janardan and Rao
(1984). The value of the correlation coefficient between
the number of boys and the number of girls in a family
were calculated from the same data in each model. His
work was based essentially on the general expression for
the correlation coefficient between the number of boys
and the number of girls in a family, when the family size
follows a modified power series distribution obtained by
Gupta (1976). Others are Feller (1968), Janardan (1975),
Stene (1978), Onankpa and Ekele (2009). This paper
proposes to obtain the expressions for the joint probability
distributions of the number of normal deliveries and the
number of Cesarean deliveries, the marginal distributions
of each of them, the conditional distributions, the
correlation coefficients, the regression equations, and the
conditional variances of the number of normal deliveries
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for a given number of cesarean deliveries and vice-versa
as well as testing the goodness of fit of the probability
models. These are obtained when the delivery size is
assumed to follow binomial and Poisson. It is expected
that the outcome of the paper will be engaged in
predicting the number of cesarean deliveries for a given
number of normal deliveries.

MATERIALS AND METHODS

Kolmogorov-smirnov

In line with the stated objective, statistical analysis such
as Kolmogorov-smirnov to determine whether or not the
observed frequencies are compatible with a hypothesized
population distribution that is binomial and Poisson
distribution.

Kolmogorov-smirnov test is used in place of Chi-square
to avoid pooling of categories and it does not impose a
lower limit on those categorized frequencies.

The Kolmogorov - Smirnov test is based on the
measurement of the distance between two cummulative
relative  frequency  distributions. The  observed
cummulative frequency and the expected cumulative

frequency are denoted by O < and E . Tespectively.

The test statistic can be computed as:

D (N)=Max (E (x)~0 (x)) M
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While the critical value is gotten from the D (N) table at
the appropriate significance level

Probability Distribution

A probability distribution shows the possible outcomes of
an experiment and the probability of each outcome. It
deals mostly on how the future event is.

The Model

Let Y i and Y i be the outcome of each delivery.
Y , =lifthe i" delivery is through a normal birth
with probability P, i=1, 2,....,n 2)
= 0 otherwise
and Y ;= 1 if the j™ delivery is through cesarean
with probability q j=1, 2,...,n 3)
= 0 otherwise
The probability generating function of Yi is given as
pt,
The probability generating function of YJ. is given as
qt,

The joint probability generating function of Y, and Y j

is given as
Py.y t.t)=pt+qt,.p.a:
fixed,q=1-p 4)

For n deliveries, the number of normal deliveries (N) and
the number of Cesarean deliveries
(C) is given as

N=2Y, ()
i=1
andC = ZH:Y j (6)
j=1

Let D (N =n) denote the probability that the delivery
r
times N=n with pgf

GH=31"p.(N=n @

So that the joint pgf of the number of normal deliveries
and the number of cesarean deliveries in a delivery of
time n is given as

H(tl’tz;n) :G(P(tl’tz) ®)

(i) Let N be a binomial random variable with parameters
(n,0), where 1-0 is the probability of no delivery.

Hitotem=(1-0+pOt,+q0t,) O

The joint probability distribution N and C is given as

N =i.C=j)= n!
PR e D e
p‘qjg‘*"(l_e)””’j;i,j=1,2,..., n (10)
The marginal distributions are given as

. n i n—i

p(N =|)=[ij(p9) 1-pe)"
i=1,2,.,n (11
v - h-("](po)Ya-po) "
i=1,2,.n (12)
The mean number of normal deliveries is given as
E(N)=npé& (13)
andVar(N) =npé8( - péb) (14)

E(C) and Var(C) are the same as in equations (13) and
(14) with p replaced by q.

The conditional distributions are given as

P e j):[n; j)(iz j 11__q99
i=1,2,0, 0~ as)
p(C = j/N :i){”;‘j(lqj;]j ll_—pé?e
j=12,.,n-i (16)

The regression equation of the number of normal
deliveries on the number of cesarean deliveries is given as

E(N/C)=(-jXpo)(1-q8)' (17)

n-j

n-i
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Table 1. Data on Cesarean Section Delivery and Virginal Delivery in Women
2006 2007 2008 2009 2010
C/S V/D | Tota | C/S V/D | Total | C/S V/D | Total | C/S V/D | Total | C/S V/D | Total
1
Jan 2 11 13 2 8 10 2 1 3 2 11 13 2 9 11
Feb 3 10 13 4 15 19 0 4 4 0 6 6 0 9 9
Mar 1 9 10 5 13 18 0 3 3 3 13 16 4 6 10
Apr 4 8 12 5 10 15 3 6 9 3 8 11 1 4 5
May 1 14 15 1 14 15 0 11 11 3 10 13 1 9 10
Jun 3 12 15 3 8 11 1 8 9 2 10 12 2 9 11
July 2 6 8 0 4 4 4 9 13 3 4 7 1 8 9
Aug 0 11 11 0 5 5 2 8 10 2 8 10 1 8 9
Sep 1 10 11 1 6 7 3 3 9 2 4 6 2 7 9
Oct 2 6 8 0 8 8 5 16 21 0 6 6 1 8 9
Nov 9 12 21 3 4 7 5 11 16 2 7 9 3 4 7
Dec 2 6 8 1 4 5 0 14 14 0 6 6 2 11 13
Tot 30 115 145 25 99 124 25 94 120 22 93 115 20 92 112
(Source: Regina Caeli Hospital Awka, Anambra State. ‘Labour Unit’)
And the conditional variance is given as E(N)=Ap (26)
i -
Var<N/C>=(n—J)(l—e)pe(l—qe) (18)  Var(N)=Ap 27)
_ Usually for Poisson distribution, E(N) = Ap is equal to
AlSOE(C/N):(n—i)(qH)(l—p@)] (19) - (N)=4p
Var(N) = Ap . Similarly,
Var (C/N)=(n—-i)1-6)q6 (1 -po )’2 20)  E(C)=AQis equal to Var(C) = Aq as in equations

Expression for the product moment correlation coefficient
is given as
- pq @

N,C)= 21)
N X YD (=T
(i) Let N be a Poisson random variable with
parameter 4 = n@ .
Then
Ht, tsm=exp( Apt;+AQt,—4) @2
Hence o ' .
(N =iC= i =(4)"(p)(a) ()"
i,j=12,. (23)
p(N =i) = W)I'(e) (24)
p(C = j) = W)'(e) (25)

]

Observe that p(N =i,C = j)= p(N =i)p(C = j)
which implies independence and that N and C are both
Poisson random variables.

Therefore

(26) and (27) with p replaced with q.

—i/C=j)= _(/7“p)ii!(e)ip

p(N (28)
p(Czj/Nzi)zm)j'(e) (29)
Sothat E(N/C)=Ap (30)
and Var(N/C) = Ap (31)
Thus Var(N/C)=Var(N) (32)

E(C/N)and Var(C/N) = Var(C) are obtained by
replacing p with q in equations (31) and (32).

Hence, o(N,C)=0 (33)

RESULTS AND DISCUSSION

The results obtained are illustrated herein using data
collected from delivery ward of Regina Caeli Hospital
(between 2006 and 2010) in Awka, Anambra State,
Nigeria.

The data used in this application is presented in table 1.
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Table 2. Goodness of Fit and Other Estimates for Binomial and Poisson Models.

SN Binomial Poisson
E (N/O) Var (N/C) E (N/O) Var (N/C)

i=0 11.4229 2.7241 0.4034 0.4034
ji=1 10.6614 2.5425 0.4034 0.4034
j=2 9.8999 2.3608 0.4034 0.4034
j=3 9.1383 2.1792 0.4034 0.4034
j=4 8.3768 1.9976 0.4034 0.4034
j=5 7.6153 1.8160 0.4034 0.4034
j=6 6.8537 1.6344 0.4034 0.4034
j=7 6.0922 1.4528 0.4034 0.4034
j=8 5.3307 1.2712 0.4034 0.4034
j=9 4.5692 1.0896 0.4034 0.4034
j=10 3.8076 0.9080 0.4034 0.4034
j=11 3.0461 0.7264 0.4034 0.4034
j=12 2.2846 0.5448 0.4034 0.4034
j=13 1.5231 0.3632 0.4034 0.4034
j=14 0.7615 0.1816 0.4034 0.4034
j=15 0.0000 0.0000 0.4034 0.4034
D(N) 0.3575 0.0691**

p(N,C) -0.8407 0

p 0.1984 0.1984

G 0.8016 0.8016

0 0.9415 -

1 - 2.0333

** Significant at 0.1%
From table 2 shown above, using the Kolmogorov- REFERENCES

Sminov test for goodness of fit test, it was observed that
the Poisson distribution provides a better fit atthe 1%
significance levell. Even though the binomial performs
better than the Poisson distribution, but the model does
not adequately fit the data. For the Poisson distribution
model, the correlation between the number of normal
deliveries and the number of cesarean deliveries in a
hospital is 0.The Poisson model also showed that the
expected number of normal deliveries for a given number
of cesarean deliveries is constant. The binomial model
also showed that the expected number of normal
deliveries for a given number of cesarean deliveries tend
to decrease slowly as the amount of cesarean deliveries
increase. For the binomial model, the correlation between
the number of normal deliveries and the number of
cesarean deliveries in a hospital is negative with a value
of -0.8407. It is however worthy of note to observe that
the predictions are reasonable for up to 7 normal
deliveries or 7 cesarean deliveries, this may not be
unconnected with the negative skewness of the
distribution of deliveries according to the number of
children.
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