
Mikailalsys Journal of 

Mathematics and Statistics 

 
Volume 3, Issue 1, 2025; Pages 58-70 

https://ejournal.yasin-alsys.org/MJMS  
                     MJMS Journal is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License 

e-ISSN : 3030-816X 
p-ISSN : 3030-8399 
 

Index : Harvard, Boston, Sydney 
University, Dimensions, Lens, 
Scilit, Semantic, Google, etc 
 

https://doi.org/10.58578/MJMS.v3i1.4385 

 
  

DERIVATION OF TWO PARAMETERS POISSON RANI 

DISTRIBUTION AND ITS PROPERTIES  

 
 
 

Bamigbala Olateju Alao1, Pantuvo Tsoke Peter2, 

Ikrimat Aliyu Babando3, Abdulganiy Abdullahi Gatta4  
1,2Federal University, Wukari Taraba State, Nigeria 
3College of Education, Zing, Taraba State, Nigeria 

4Modibbo Adama University, Yola, Adamawa State, Nigeria 

bamigbala@fuwukari.edu.ng 

 

 

 

 

Article Info: 

Submitted: Revised: Accepted: Published: 

Oct 21, 2024 Nov 20, 2024 Dec 4, 2024 Dec 19, 2024 

 

 
 

Abstract 
 

This study introduces the Two Parameters Poisson Rani Distribution 

(TPPRD). The probability distribution of TPPRD is derived by assuming that 

the parameters of the Poisson distribution follow the Two Parameters Rani 

Distribution, resulting in the formation of the TPPRD. The study derives some 

of its fundamental properties and demonstrates that TPPRD is a special-case 

distribution capable of handling overdispersed count data. Additionally, the 

maximum likelihood estimators are used to derive equations for estimating the 

parameters of the Two Parameters Poisson Rani Distribution. 
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Introduction  

Count data distributions refer to statistical models that describe data consisting of non-

negative integer values, typically representing the frequency of events or occurrences within 

a specific time period or space. These distributions are especially useful for modeling 

scenarios where the outcome is a count of discrete events. One of the most widely used 

models for count data is the Poisson distribution, which predicts the number of events in a 

fixed interval, assuming that events occur independently at a constant average rate. 

Although the Poisson distribution has been instrumental in modeling count data, its 

assumption that the mean and variance are equal limits its practical application. This 

limitation becomes problematic when dealing with overdispersion—a situation where the 

variance exceeds the mean. Overdispersion can lead to the underestimation of uncertainty, 

inaccurate parameter estimates, and biased standard errors. Such issues can negatively 

impact model selection, reduce interpretability, and compromise the reliability of 

predictions (Lawal, 2022; Noemi & Cinzia, 2022). 

Recent research has shown significant progress in the development and adaptation of 

discrete probability distributions, with a particular emphasis on managing over-dispersed 

count data. Scientists have systematically explored the fusion of different distributions to 

develop more robust models, frequently using the Poisson distribution as their starting 

point. Significant contributions to the field include innovations such as the Weighted 

Negative Binomial-Poisson Lindley (Zamani, et al., 2018), the Poisson Weighted Pranav 

Distribution (Showkat, et al., 2022), and the Poisson Generalized Lindley distributions 

(Yupapin, 2023), all demonstrating enhanced capabilities in handling over-dispersed data 

compared to conventional approaches. The field has also seen the introduction of 

specialized models such as the Zero-inflated Poisson-Lindley regression model (Emrah, 

2018) and the Bivariate Poisson-Lindley distribution (Zamani, et al., 2015) to tackle specific 

analytical challenges. Additionally, the Discrete Poisson Bilal (Mohamed, et al., 2023), 

Poisson Extended Exponential (Maya, et al., 2022), and Poisson-Gold distributions (Ahmad 

& Amjad, 2021) have emerged as viable new options for count data modeling. 

In this study, we will introduce a novel discrete probability distribution by combining the 

Poisson distribution with a two-parameter Rani distribution through a mixture approach. 

The proposed distribution, termed the two parameter Poisson-Rani Distribution (TPPRD), 
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will be systematically analyzed to understand its mathematical properties and potential 

applications in modeling count data. 

 

Methods 

The Proposed Probability Mass Function of Two Parameters Poisson Rani Distribution 

If ( )~y P  , then the probability mass function (pmf) of Poisson distribution is given by 
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!

ye
f y

y




−

=    1,2,3,... 0y =     (1) 

The Two Parameters Rani Distribution (TPRD) by Al-omari, Adi and Ameur (2021) is 

given by 
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Therefore, parameter   follows TPRD given by, 
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Therefore, Two Parameters Poisson Rani Distribution (TPPRD), which is unconditional 

distribution is as follows 
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Which is the pmf of  ( ( ); ,TPPRD y   ) 
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Fig.1: pmf plot of Two Parameters Poisson Rama Distribution

The corresponding cumulative distribution frequency (CDF) of ( ( ); ,TPPRD y   ) is 

obtained as: 
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Fig.2: cdf plot of Two Parameters Poisson Rani Distribution
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical Properties of ( ); ,TPPRD y    

Moments of ( ); ,TPPRD y    

The  thr  moment of the ( ); ,TPPRD y    is denoted by ( )
'

r
  and can obtained by: 
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Taking 1,2,3,4r =  in equation (8), the first 4 factorial moments about origin of 

( ); ,TPPRD y    is given below 

( ) ( )

5

1 5

120
'

24




 

+
=

+
         (9) 

( ) ( )

5

2 2 5

2( 360)
'

24




 

+
=

+
         (10) 



Bamigbala Olateju Alao, Pantuvo Tsoke Peter, Ikrimat Aliyu Babando, Abdulganiy Abdullahi Gatta 

 Mikailalsys Journal of Mathematics and Statistics 64 

( ) ( )

5

3 3 5

6( 840)
'

24




 

+
=

+
         (11) 

( ) ( )

5

4 4 5

24( 1680)
'

24




 

+
=

+
        (12) 

The first four moment about origin of the ( ); ,TPPRD y   are obtained with relationship 

with equation (9) to (12) as shown below 
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Moment about mean of the ( ); ,TPPRD y   are obtained with relationship with equation 

(13) to (16) as shown below: 
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Probability generating function (Pgf) of ( ); ,TPPRD y    

If ( )~ , ,Y TPPRD y    then the probability generating function ( )YP t  is defined as: 
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Moment generating function (Mgf) of ( ); ,TPPRD y    denoted by ( )YM t  is given by 
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Characteristics generating function (Cgf) of ( ); ,TPPRD y    denoted by ( )YC t  is given 

by 
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Conclusion 

The analysis of the Two Parameter Poisson-Rani Distribution (TPPRD) demonstrates its 

effectiveness in modeling count data, particularly in situations involving over-dispersion. 

Through the systematic examination of its statistical properties, including moments, 

coefficients of variation, skewness, kurtosis, and the index of dispersion, the study reveals 

the distribution's flexibility and robustness. The dispersion index analysis for varying 

parameters α and θ consistently shows values greater than 1, confirming the distribution's 

capability to handle over-dispersed data effectively. These findings suggest that the TPPRD 

can serve as a valuable alternative to traditional count data models, particularly when 

dealing with over-dispersed datasets.  
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