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Abstract: Real-world problems are described by probability distributions. In this paper
we developed length biased Zeghdoudi distribution, generalized exponential distribution
with two parameters and its length biased form with some statistical properties.

The parameters of the proposed distributions were estimated using the maximum
likelihood approach and application of the proposed distributions were applied to a real
life data set related to waiting time to first conception for females and survival time of
Guinea individuals infected with Ebola virus.
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1. Introduction

A variety of distributions have been applied to lifetime data in recent years, revealing
functions of diminishing or growing failure rates as well as significant use in modeling
natural life data that are factorized by risk and uncertainty. Exponential families are
crucial to probability and statistical research, which are widely applied in a variety of
disciplines including the medical, biological, and engineering sciences. Pommeret[10].
Researchers from several disciplines, including (Adewusi et al.[1], Afaq et al.[2], Lee et
al.[7], Al-Aqgtash et al.[3], Alzaatreh et al.[4] and Artur[5]), have applied probability
distribution theory to a variety of fields, including medicine, biology, demography, the
environment, and more.

The objective of our present work is to develop generalized exponential distribution
(GED), length-biased generalized exponential distribution (LBGED) and length-biased
zeghdoudi distribution (LBZD), as well as to describe some relevant statistical properties
and parameter estimation to some continuous data sets to test their applicability.

2. Generalized Exponential Distribution (GED)
The probability density function of exponential distribution with parameter A is given by-
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PX=x)=1"* ; x>0,1>0 (1)

Now we define generalized form of exponential distribution and its density function is
follows as:

PX=x)="e"* ; x>0,A>0n¢€l (2)
with two parameters A as scale parameter and n as shape parameter.

2.1 Statistical Properties of Generalized Exponential Distribution
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3. Length Biased Generalized Exponential Distribution (LBGED)

According to Patil and Rao [9], if f(x; 8) be the probability density function of a random
variable X and the unknown parameter 6, the weighted distribution is defined as:

w(x) f*(x; 0) _
Elw(x)] '

where w(x) is the weight function and f*(x; ) is the base line distribution.

f(x;0) = XERO>0

Ifwetakew(x) =x; x>0

Then Length biased form of Generalized exponential distribution is given by-

flx) =xA2me= 2" . x>0,1>0,n€el (3)
where 1 and n are scale and shape parameters respectively.

3.1 Statistical Properties of Length Biased Generalized Exponential Distribution

Moment and Related Measures
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3.2 Maximum Likelihood Estimation

The maximum likelihood estimation function of length-biased generalized exponential
distribution can be given as:
t

P
i=1
Taking log on both sides and partially differentiate with respect to 4, we get:

where A is parameter of the distribution
4. Length Biased Zeghdoudi Distribution (LBZD)

Messaadia and Zeghdoudi [8] has suggested a new distribution called as Zeghdoudi
distribution (ZD) which is given as:

03x(1 + x)e 0%

F;0) = 7710 ; x,0>0 4
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Now the length-biased form of Zeghdoudi distribution can be defined as -
4

f0) =126 73 x>’(1+x)e % ;x>06>0 (5)
0 ; otherwise
] 3(6 +4)
with Mean = m

4.1 Maximum Likelihood Estimation

Let x4, x5, ..., X5, be the random sample drawn from the population the following length-
biased Zeghdoudi Distribution having parameter 8. Then the likelihood function can be
given as:
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5. Application

The proposed probability models (ii) and (iii) at n=2, (iv) and (v) are fitted using some
real data sets collected from different sample surveys related to waiting time for first
conception, taken from NFHS IV [6] for Varanasi district of Uttar Pradesh, India. Only
those females are considered in our data whose age at marriage is more than or equal to
16 years and marital duration is more than 10 years at the time of survey, and the data for
survival times of (94, 91) Guinea individus infected with Ebola virus used by Messadia
and Zeghdoudi [8].

Table-1. Data of survival time (in months) of 91 Guinea individuals infected with Ebola Virus
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Survival time Observed Expected Frequency
(in months) Frequency GED LBGED ZD LBZD

0-2 35 44.50 35.34 34.56 27.51
2-4 32 22.73 32.80 31.49 42.83
4-6 16 11.61 14.71 16.20 16.19
6-8 6
810 2}8 12.15 8.15 7.98 4.46
Total 91 91 91 91 91
Estimates of 0.5794 0.8195 | 0.896 1.244
parameter
Chi square value 8.86 0.13 0.19 7.57
d.f 2 2 2 2
p-value 0.0119 0.9370 | 0.9093 | 0.0227
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Table-2. Data of survival time (in months) of 94 Guinea individuals infected with Ebola Virus

Survival time Observed Expected Frequency
(in months) Frequency GED LBGED ZD LBzZD

0-2 32 43.97 33.80 33.25 25.19
2-4 35 23.40 33.64 32.36 43.75
4-6 17 12.45 16.34 17.79 18.90
gio ;} 10 14.17 10.22 | 9.51 6.16
Total 94 94 94 94 94
Estimates of 0.5616 0.7943 | 0.852 1.173
parameter
Chi square value 11.88 0.17 0.40 6.17
d.f 2 2 2 2
p-value 0.0026 0.9185 | 0.8187 | 0.0457

Table-3. Goodness of fit on waiting time to first conception for females (NFHS-1V data).

Waiting time to first

Observed no.

Expected no. of Females

(Clﬂn;?]tt'ﬁ; of Females | GED | LBGED | zD LBZD
0-3 12 53.40 12.20 4.19 1.09
3-15 165 157.10 150.01 | 131.49 113.04
15-27 125 94.55 135.87 | 161.65 185.16
27-39 72 56.90 78.77 91.36 100.60
39-51 40 34.24 39.21 38.59 35.25
51-63 17 20.61 18.06 14.01 9.815
63-75 10 12.40 7.93 4.63 2.37
75-87 4
87-99 17 18.8 595 | 2.07 0.675
99-111 2
Total 448 448 448 448 448
Estimates of 0.2057 0.2908 0.1244 0.1670
parameter
Chi square value 55.74 3.75 41.49 97.69
d.f 6 6 4 3
p-value 3.2854¢™ | 0.7104 | 2.1277 ¢ | 0.00001
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Figure 1: Graphical presentation showing observed and expected number of (91) Guinea

individuals infected with Ebola Virus.
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Figure 2: Graphical presentation showing observed and expected number of (94) Guinea

individuals infected with Ebola Virus.
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Figure 3: Graphical presentation showing observed and expected number of females
having waiting time for first conception (NFHS-IV) data.

6. Conclusions

In the area of probability and statistics, several distributions have been developed, defined
and widely used. In this paper we defined, studied and established a new generalized
exponential distribution and its length biased form their statistical properties including
moments, skewness, kurtosis, hazard rate function, mean residual life function have also
been discussed. The ML estimation technique is used to estimate its parameter. Finally
the goodness of fit using the chi square statistic has been shown to demonstrate the
applicability and comparability of GED, LBGED, ZD, and LBZD for modeling life time
data. According to the value of y?and p-value from table 1-3 and graphical representation
between O; and E;, the nature and behavior of proposed LBGED model founds best
suitable in modeling life time data.
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