
Unleash the Power of Statistical Inference:
Introducing Likelihood Functions
Statistical inference is a fundamental tool for drawing meaningful s from
observed data. Among the various techniques employed in statistical
inference, the likelihood function stands out as a powerful method that
provides a principled approach to parameter estimation and hypothesis
testing. This article delves into the concepts and applications of the
likelihood function, highlighting its significance and practicality in the field of
statistical inference.

The likelihood function, denoted by L(θ; x),is a function of unknown
parameters, θ, given observed data, x. It measures the relative plausibility
of different parameter values, given the observed data. The likelihood
function is proportional to the probability density function (pdf) or probability
mass function (pmf) of the observed data, evaluated at the given parameter
values.

For a continuous random variable X, the likelihood function is defined as:
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L(θ; x) ∝ f(x; θ)

where f(x; θ) is the probability density function of X parameterized by θ.

For a discrete random variable X, the likelihood function is defined as:

L(θ; x) ∝ P(X = x; θ)

where P(X = x; θ) is the probability mass function of X parameterized by θ.

The likelihood function possesses several important properties that make it
a valuable tool for inference:

1. Maxima: The maximum of the likelihood function corresponds to the
most plausible values of the unknown parameters, given the observed
data. This property is the basis for maximum likelihood estimation.

2. Monotonicity: The likelihood function is monotonically increasing with
respect to the probability of the observed data. This means that as the
probability of the data increases, the likelihood function also increases.

3. Invariance: The likelihood function is invariant under
reparametrization. This means that different parameterizations of the
same model lead to the same likelihood function.

4. Additivity: For independent observations, the likelihood function is the
product of the individual likelihood functions. This property is useful for
combining information from multiple sources.

The likelihood function serves as a foundation for various statistical
inference methods, including:



1. Parameter Estimation: Maximum likelihood estimation (MLE) is a
method of estimating unknown parameters by finding the values that
maximize the likelihood function. This technique yields estimates that
are consistent, efficient, and asymptotically normally distributed under
certain regularity conditions.

2. Hypothesis Testing: The likelihood ratio test is a hypothesis testing
procedure that compares two models with different parameters. The
likelihood ratio is the ratio of the likelihoods under the null and
alternative hypotheses. A large likelihood ratio suggests evidence
against the null hypothesis.

3. Model Selection: The Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) are model selection criteria that
penalize models for their complexity. They balance model fit with the
number of parameters, aiding in selecting the most parsimonious
model.

For a comprehensive exploration of the likelihood function and its
applications in statistical inference, I highly recommend the book:

by Gary W. Oehlert

This book provides an accessible and comprehensive to the likelihood
function, covering its theoretical foundations, estimation methods, and
hypothesis testing procedures. It is an invaluable resource for students,
researchers, and professionals in various fields utilizing statistical
inference.



The likelihood function is a fundamental tool in statistical inference that
enables researchers to draw sound s from observed data. It provides a
principled approach to parameter estimation, hypothesis testing, and model
selection. By leveraging the likelihood function, statisticians can gain
insights into the underlying processes and make informed decisions based
on empirical evidence.
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