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Abstract  Review Article 
 

This article is an improvement on the XShanker distribution having a single parameter which is the scale parameter and 

also in the class of Lindley distributions. It is named Double XShanker following the approach that generated it. The 

distributional properties which include the non-central moment with the associated statistics, the moment generating 

function, characteristic function, mean residual life function, stress-strength reliability function, Bonferroni and Lorenz 

curve functions, odd function, stochastic ordering, distribution of order statistics, and Reny entropy. The parameter was 

estimated using the method of maximum likelihood. Some visualizations based on theoretical values were presented. 

Some statistics were computed from theoretical values with convergence behavior recorded. A simulation study was 

conducted with 1000 samples of different sizes and the behavior observed is that as sample size increases the estimates 

decrease indicating precision. Data on rainfall and Vinyl chloride were used to validate the usefulness of the suggested 

distribution. 

Keywords: Double XShanker distribution, Exponential distribution, Flexibility, Performance metrics, Shanker 

distribution 
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1 INTRODUCTION 
Continuous innovation in distributions is to 

attain flexibility and achieve improved model scenarios 

above the parent distributions. [1] modified the Shanker 

distribution and was able to achieve a better fit and model 

performance compared to both parent distribution and 

some competing distributions. The same applied to the 

several extensions of [2], namely [3, 4, 5, 6] and [7]. In 

the literature, some sophisticated models have been 

proposed with more than one parameter where some 

parameter(s) account for scale, and others account for 

shape and location hence presenting a better 

visualization and robust inference. Interesting among 

those complex distributions include [8, 9, 10, 11, 12, 13, 

14, 15]. However, the trade-off in the use of complex 

models is in the estimation of parameters (both in the 

tractability and economy of numerical iteration when 

closed-form expressions are not feasible). Hence, the 

smaller the number of parameters, the better the 

estimation tasks. 

 

On the above basis, many researchers have 

focused on single-parameter distributions to model real 

situations and there are many instances where one-

parameter distribution outperforms multi-parameter 

counterpart. Essentially, whether it is a one-parameter or 

more than one-parameter, the motivation is to develop 

distributions that will be able to fit data sets without 

many ambiguities. This article therefore is aimed at 

modifying the XShanker distribution suggested by [1] 

with improved goodness of fit and better parameter 

estimate yet having a single-parameter and guarantees 

parsimony. 
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The remaining sections of this article are in the 

following order: In section 2, the distributional properties 

of the proposed Double XShanker distribution are 

obtained. Section 3 is on the estimation of the model 

parameter. In section 4, we conduct a simulation study 

and apply the distribution to real-life situations using two 

data sets. The article is concluded in section 5 with 

remarks. 
 

2 Distributional Properties of Double XShanker 

distribution 

In this section, we derive the basic distributional 

properties of the proposed model. 
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Table 1: Some theoretical statistics of the Double XShanker distribution 

 
 

From table 1, the estimates decrease as the parameter value is increased showing convergence behavior. 

 

For a Double XShanker distributed random variable X, the moment generating function MX (t) is 

 

 
 

If X is a nonnegative random variable representing the 

life of a component having distribution function F(.) 

represented in eq, then the mean residual life is defined 

by 

 

 
 

Another important indexes are the Bonferroni 

and Lorenz curve functions which have applications not 

only in Economics for studying income and poverty 

distribution, but also in other fields like reliability, 

demography, insurance and medicine. The Bonferroni 

and Lorenz curve functions for Double XShanker 

distributed random variable X can be expressed as 
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Figure 7: Mean Residual Life function plots 

 

 
Figure 8: Bonferroni and Lorenz curves for Double XShanker distribution 

 

The odd function is another reliability measure. 

With the Double XShanker (DXS) distributed randome 

variable X, the odd function is given as ratio of its c.d.f 

to the survival function, which is 
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Figure 9: Odd Function of Double XShanker distribution 

 

 
 

 
Figure 10: Stochastic Ordering of Double XShanker distribution 

 

Definition 2.3. Stress-strength reliability is the 

probability that the strength of a system exceeds its 

stress. The inferences of the stress-strength reliability R 

= P(X > Y ) where Y is the stress and X is the strength. 

 

 
 

Definition 2.4. Suppose X1, X2,....Xn is a random sample 

of Xr; r=(1,2....,n) are the rth order statistics obtained by 

arranging Xr in ascending order of magnitude ∋ X1 ≤ X2 

≤ ....Xr where X1 is the smallest of all variable and Xr is 

the largest of all variable, then the pdf of the rth order 

statistics is given by 
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Definition 2.5. Rényi entropy was originally introduced 

in the field of information theory as a parametric 

relaxation of Shannon (in physics, Boltzmann–Gibbs) 

entropy. [16]. The Renyi Rntropy of Double XShanker 

can be expressed as 

 

 
 

3 Maximum Likelihood Function 

Let (X1, X2,.., Xn) be random variables of double Double XShanker. then the Maximum Likelihood Function is given as 
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4 Applications 

In this section, we demonstrate the usefulness 

of the proposed distribution through simulation study 

and practical examples from real-life data. 

 

5 Simulation 

We draw N = 1000 samples of sizes (n = 

25,50,75,100,200,500 and 1000) assuming the parameter 

values (θ = 0.1,0.25,1.5, and 1.75) from Double 

XShanker distribution. The following performance 

indices (Mean, Bias, Mean Square Error (MSE), Root 

Mean Square Error (RMSE), Lower CI, Upper CI and 

Average length of the confidence intervals (AL.CI)) are 

computed including the estimated mean of the parameter. 

 

 
 

Table 2: Mean, Bias, MSE, RMSE, Lower CI, Upper CI and Average Length of CI for simulated study 

 
 

From the simulation results in table 2, the 

statistics decrease as sample size increases showing 

precision. 

 

 

 

5.1 Application to Lifetime Data 

In this subsection, we will use real-life data sets 

to illustrate the usefulness of the proposed Double 

XShanker distribution and compare it with the following 

known distributions which are in the class of Lindley 

distribution. 
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Table 3: List of one-parameter distributions in the class of Lindley 

 
 

The application is on rainfall reported at the Los Angeles Civic Center from 1943 to 2018 and studied by [22]. The data is 

in table 4 

 

Table 4: The rainfall reported at the Los Angeles Civic Center from 1943 to 2018 in the month of March 

 
 

The measures of model performance for the 

distributions are the negative Log-Likelihood (NLL), 

Akaike Information Criterion (AIC), Corrected AIC 

(CAIC), Bayesian Information Criterion (BIC), Hannan–

Quinn information criterion (HQIC), Cramer von Mises 

(W∗), Anderson Darling (A∗), while the Kolmogorov-

Smirnov (K-S) statistic and the p-value determine the 

fitness of the distribution to the data. 

 

Table 5: MLEs, measures of fitness and performance of the models for March Rainfall data 

 
 

From table 5, the p-value for Double XShanker 

distribution is 0.9555. That of the XShanker distribution 

comes second with 0.9014 while that of the Shanker 

distribution is a distant 0.5977. With this evidence, the 

Double XShanker no doubt is an improvement in 

XShanker distribution. The model also performs better 

than the rest compared given that its performance metrics 

are the least among others. 
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Figure 11: Density, cdf, survival function, and TTT plot for the March rainfall data 

 

 
Figure 12: Pp plots for the March rainfall data 
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Fig 12, shows how well the competing 

distributions individually fit the rainfall data and it is 

obvious that the proposed distribution best fits the data. 

 

The second application is on Vinyl chloride data from 

clean upgradient ground-water monitoring wells in (g/L) 

studied by [13] in table 1. 

Table 6: Vinyl chloride data from clean upgradient ground-water monitoring wells in (g/L) 

 
 

Table 7: MLEs, metrics for fitness and model performance for the Vinyl Chloride data 

 
 

From table 7, the p-value for Double XShanker 

distribution is 0.872. That of the XShanker distribution 

comes second with 0.7979 while that of the Shanker 

distribution is a distant 0.607. With this evidence, the 

Double XShanker no doubt is an improvement in 

XShanker distribution. The model also performs better 

than the rest compared given that its performance metrics 

are the least among others. 

 

 

 
Figure 13: Density, cdf, survival function and TTT plots for Vinyl Chloride data 
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Fig 14, shows how well the competing distributions individually fit the vinyl chloride data and it is obvious that 

the proposed distribution best fits the data. 

 

 
Figure 14: Pp plots for Vinyl Chloride data 

 

 
Figure 15: Log-likelihood profile for the rainfall data       Figure 16: Log-likelihood profile for the vinyl chloride data 

 

From the log-likelihood profiles for the rainfall 

and vinyl chloride data sets shown in fig 15 and fig 16, 

we see that the maximum values of the parameter are 

exactly what was obtained in tables 4 and 6 respectively 

 

6 CONCLUSION REMARKS 
This piece of research is an improvement on the 

XShanker distribution. It is also a one-parameter 

distribution just as the XShanker distribution but with a 

better goodness of fit and model performance than the 

parent distribution. In this article, the properties of the 

proposed distribution were derived with some 

visualization for better appreciation. Some theoretical 

values of the properties were obtained and a convergence 

behaviour was observed. The parameter of the model 

was estimated using maximum likelihood estimation. A 

simulation study was conducted with 1000 samples of 

sizes (n = 25,50,75,100,200,500), and the behavior 

observed is that as sample size increases the estimates 

decrease indicating precision. The proposed distribution 

is better appreciated with the rainfall and vinyl chloride 

data having p-values very close to 1. 
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