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INTRODUCTION & AIM RESULTS & DISCUSSION

Introduction

Lifetime data are well described using lifetime distributions, but not all lifetime distributions are appropriate for modeling some
special lifetime data. Instead of transposing the lifetime data, it is better to extend the existing models, that is, to use statistical or
mathematical approach to develop a new model that will best fit the data. Some of the most widely applicable lifetime distributions
includes Weibull, exponential, gamma, normal, lognormal, and Lindley distributions. Many authors introduced different techniques
to extend or generate statistical distributions for modeling data for a better fit. The formation of a new distribution from the existing
one is mostly done by inducing additional parameters to the baseline model.

Some methods of developing new distributions include; Transmuted-G by Shaw and Buckley (2007), Transmuted Exponentiated
Generalized-G (TExG-G) by Yousof et al. (2015), Transmuted Exponential-G by Mohammed and Ugwuowo (2020). In literature,
numerous families of Transmuted-G generators by Shaw and Buckley (2007) have been studied, and proven that these
distributions give better fits than the baseline distributions. Some of these distributions include; Transmuted exponentiated gamma
by Hussian (2014), Transmuted Gompertz by Abdul-Moniem and Seham (2015), Transmuted modified Weibull by Khan and King
(2013), Transmuted complementary Weibull Geometric by Afify et al. (2014), Transmuted Weibull Lomax by Afify et al. (2015),
Transmuted Exponentiated Weibull Geometric by Saboor et al. (2016), Transmuted New Weibull-Pareto by Tahir et al. (2018),
Transmuted Exponential-Weibull by Mohammed and Ugwuowo (2020), Transmuted Topp-Leone Weibull by Ibrahim and Yousof
(2014) etc. Flexible lifetime distributions play a central role in both the theoretical development and practical application of survival
and reliability analysis. Emerging experimental lifetime data in engineering and biological sciences often display skewness, heavy
tails, and non-monotonic hazard rates that classical lifetime distributions fail to capture.

Aim of the Study
The aim of this study is to develop a lifetime distribution called Transmuted Exponential-Compound Weibull-Exponential (TE-W-E)
which will be used to model lifetime right-skewed datasets for which the existing lifetime distributions cannot capture efficiently well.

Objectives of the Study

The objectives of the study are to: investigate the performances of some of the existing lifetime distributions; (ii) propose a new
lifetime distribution called Transmuted Exponential-Weibull-Exponential (TE-W-E) to model lifetime datasets; (iii) validate the
efficiency of the proposed lifetime distribution vis-a-vis some of the existing ones on real-life datasets; (iv) estimate the parameters
of the proposed distribution using Maximum Likelihood Estimation (MLE).

Significance of the Study

Application to a Real Life Dataset
The potentiality of TE-W-E distribution is illustrated in this section through the application of a real-life dataset. The TE-W-E
distribution is compared with other competing distributions; Weibull (W) (Weibull, 1951), Weibull-Exponential (W-E) (Dubey, 1968),
Weibull-Gamma (W-G) (Dubey, 1968), Kumaraswamy-Weibull (Kum-W) (Cordeiro et al., 2010), Transmuted Weibull Lomax
(TWL) (Afify et al., 2015), Generalized Transmuted-Weibull (GT-W) (Nofal et al., 2017), Transmuted New Modified Weibull
(TNMWD) (Vardhan & Balaswamy, 2016), Transmuted Lindley (TL) (Merovci, 2013a), Transmuted Exponential-Weibull (TE-W)
(Mohammed & Ugwuowo, 2020) and New Exponential-Exponential (NE-E) (Ogunwale et al., 2022). The maximum likelihood
estimates of the parameters of the distributions and its standard errors are obtained. Some assessment criteria are used to
determine the best model out of the competing models. These criteria include Log-Likelihood (LL), Akaike Information Criterion
(AIC), Consistent Akaike Information Criterion (CAIC),Hannan-Quinn Information Criteria (HQIC) and Bayesian Information
Criterion (BIC). Furthermore, we equally compute other measures such as Anderson-Darling (A*), Cramér-Von Mises (W*) and
Kolmogorov-Smirnov (D*) test statistic. The null hypothesis is that data follow a specified distribution. In general, model with the
smallest value of the test statistics is considered to be the best fit among the competing models.

Dataset

The second dataset is on the survival times of Guinea Pigs injected with different doses of tubercle bacilli collected by Bjerkedal
(1960). Recently, Okorie (2020) fitted the Transmuted Lindley (TL) distribution to this data.

Table 1: Descriptive statistics for Dataset

Sample size Min. Q1 Median |Mean |Q3 Max. |Variance |Skewness |Kurtosis
Dataset 72 1200 |54.75 |70.00 |99.82 |[112.75 |376.00|6580.122 |1.7590 2.4596

The data was analyzed using R version 4.4.2 software. The skewness and kurtosis were obtained using fBasics package and the
parameter estimates were obtained using optim function in R (R Core Team, 2024); and Table 2 presents the computed maximum
likelihood estimates and goodness-of-fit measures obtained.

Table 2: Estimated Parameters and Goodness-of-Fit for Dataset
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x Simulation findings confirmed the consistency and efficiency of the maximum likelihood estimator. Application to real dataset was
demonstrated in Table 2. Fig. 5 is the estimated density plot over histogram for the real life dataset. Fig. 6 is the plot of cdf of the
fitted models with empirical cdf. These plots demonstrated the performance of the proposed TE-W-E distribution on the real life
datasets. As we can see from Fig. 5 and 6, the TE-W-E model fitted well to the dataset than other fitted competing models and it
is confirmed from the results of goodness-of-fit in Table 2. Therefore, TE-W-E model outperformed W, W-E, W-G, Kum-W, TWL,
GT-W, TE-W, TNMW, TL and NE-E models on fitting to the dataset which are positively skewed.

CONCLUSION

The TE-W-E distribution is a robust model for lifetime data its flexibility and strong empirical performance make it a valuable
contribution to the survival and reliability analysis

FUTURE WORK

The future study focuses on the estimation of the parameters of the proposed TE-W-E distribution using Bayesian estimation
(BE) method, compare the MLE with BE methods by checking their Unbiasedness, Efficiency, Mean Square Error, credible and
confidence interval for mean of the proposed model as assessment criteria.

Fig. 2: Plot of cdf for some arbitrary parameter Fig. 3: Plot of survival function for some arbitrary Fig. 4: Plot of survival function for some
values of TE-W-E distribution parameter values of TE-W-E distribution parameter values of TE-W-E distribution
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