mathematical statistics basic ideas
and selected topics

mathematical statistics basic ideas and selected topics form the foundation
for understanding data analysis, probability theory, and inference methods
that are essential in various scientific disciplines. This article explores
the fundamental concepts of mathematical statistics, including key principles
such as probability distributions, estimation theory, hypothesis testing, and
asymptotic analysis. Additionally, it discusses selected advanced topics that
highlight the practical applications and theoretical developments within this
field. The aim is to provide a comprehensive overview that balances both
theoretical rigor and practical insight into mathematical statistics. Readers
will gain a clear understanding of how these basic ideas underpin more
complex statistical methodologies and the reasoning behind statistical
decision-making processes. The article also introduces important selected
topics that reflect current trends and challenges in statistical research and
application.
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Fundamental Concepts in Mathematical Statistics

Mathematical statistics is a branch of statistics that focuses on the
theoretical underpinnings of statistical inference, relying heavily on
probability theory and mathematical rigor. At its core, it seeks to provide a
framework for making decisions and drawing conclusions from data that are
subject to randomness and uncertainty. Understanding these foundational
concepts is crucial for grasping the more complex topics and methods that
follow.

Random Variables and Probability Spaces

A central concept in mathematical statistics is the random variable, which is



a function that assigns numerical values to outcomes of a random experiment.
Random variables are defined within a probability space, which consists of a
sample space, a sigma-algebra of events, and a probability measure. This
structure allows for the formal study of probabilities as measures on sets,
facilitating rigorous analysis of random phenomena.

Statistical Models

Statistical models represent the relationship between observed data and
underlying probability distributions. They provide a mathematical description
of how data are generated and are used to infer unknown parameters. Models
can be parametric, nonparametric, or semiparametric, depending on the
assumptions made about the form of the distribution.

Key Principles of Statistical Inference

Statistical inference involves methods to estimate unknown parameters, test
hypotheses, and predict future observations based on sample data. The
principles guiding inference include consistency, unbiasedness, efficiency,
and sufficiency. These criteria help in evaluating the quality of statistical
procedures and selecting appropriate methods for analysis.

Probability Distributions and Their Properties

Probability distributions describe how probabilities are assigned to
different outcomes of a random variable. In mathematical statistics,
understanding these distributions and their properties is essential for
modeling data and conducting inference.

Common Probability Distributions

Several probability distributions serve as fundamental tools in statistical
analysis. These include:

e Normal Distribution: Often called the Gaussian distribution, it is key
due to the central limit theorem and its prevalence in natural
phenomena.

e Binomial Distribution: Models the number of successes in a fixed number
of independent Bernoulli trials.

e Poisson Distribution: Describes the number of events occurring within a
fixed interval, assuming events happen independently.

» Exponential Distribution: Used to model waiting times between events in



a Poisson process.

Moments and Moment Generating Functions

Moments provide quantitative measures of the shape and spread of
distributions, including the mean, variance, skewness, and kurtosis. Moment
generating functions (MGFs) are used to summarize all moments of a
distribution and facilitate derivation of properties such as variance and
distribution of sums of independent random variables.

Estimation Theory and Methods

Estimation theory is a major component of mathematical statistics focused on
deriving estimates of unknown parameters based on observed data. It provides
systematic approaches to develop estimators and evaluate their performance.

Point Estimation

Point estimation aims to provide a single best guess of an unknown parameter.
Common methods include:

1. Method of Moments: Equates sample moments to population moments to solve
for parameters.

2. Maximum Likelihood Estimation (MLE): Finds parameter values that
maximize the likelihood function given observed data.

3. Bayesian Estimation: Incorporates prior distributions and updates
beliefs via observed data.

Properties of Estimators

Evaluating estimators involves examining properties such as unbiasedness (the
estimator’s expected value equals the true parameter), consistency
(convergence to the true parameter as sample size increases), and efficiency
(having minimum variance among unbiased estimators). These criteria help
identify optimal estimation methods.

Confidence Intervals

Confidence intervals provide a range of plausible values for an unknown



parameter with an associated confidence level. They are fundamental tools for
expressing estimation uncertainty and are constructed using the sampling
distribution of estimators.

Hypothesis Testing and Decision Theory

Hypothesis testing is a framework within mathematical statistics used to
assess claims or hypotheses about population parameters based on sample data.
Complementing testing, decision theory formalizes the process of making
optimal decisions under uncertainty.

Formulating Hypotheses

Hypotheses are formulated as null and alternative statements that specify
claims about population parameters. The null hypothesis (HO) represents the
default assumption, while the alternative hypothesis (H1) reflects the
competing claim to be tested.

Test Statistics and Significance Levels

Test statistics are functions of the data used to decide whether to reject
the null hypothesis. The significance level (alpha) defines the probability
of incorrectly rejecting HO (Type I error). Common tests include the t-test,
chi-square test, and F-test, each suited for different data types and
hypotheses.

Type I and Type II Errors
Errors in hypothesis testing are categorized as:

e Type I Error: Rejecting a true null hypothesis.

e Type II Error: Failing to reject a false null hypothesis.
Balancing these errors is central to designing effective tests and

understanding their power, which is the probability of correctly rejecting a
false null hypothesis.

Asymptotic Theory and Large Sample Properties

Asymptotic theory studies the behavior of statistical procedures as the
sample size tends to infinity. It provides approximations that simplify
inference and are especially useful when exact distributions are complex or



unknown.

Law of Large Numbers

The law of large numbers guarantees that sample averages converge to the
expected value as the sample size grows, ensuring consistency of estimators
and the reliability of empirical means.

Central Limit Theorem

The central limit theorem states that the distribution of properly normalized
sums of independent random variables tends toward a normal distribution
regardless of the original distribution. This result underpins many
inferential techniques by justifying normal approximations.

Asymptotic Efficiency and Normality

Many estimators possess asymptotic normality, meaning their distribution
converges to a normal distribution centered at the true parameter. Asymptotic
efficiency quantifies the optimality of estimators in large samples by
comparing their variance to the Cramér-Rao lower bound.

Selected Topics in Mathematical Statistics

Beyond the basic ideas, mathematical statistics encompasses advanced and
specialized topics that address complex problems and emerging methodologies.

Nonparametric Methods

Nonparametric statistics do not assume a specific parametric form for the

underlying population distribution. Techniques such as rank tests, kernel

density estimation, and bootstrapping provide flexible tools for inference
without stringent assumptions.

Bayesian Inference

Bayesian statistics integrates prior knowledge with observed data using
Bayes’ theorem to update probability distributions. This approach has gained
prominence for its coherent framework in uncertainty quantification and
decision-making.



Multivariate Analysis

Multivariate statistical methods analyze data involving multiple variables
simultaneously. Topics include principal component analysis, factor analysis,
and multivariate regression, which are crucial for handling complex datasets
common in modern applications.

Robust Statistics

Robust statistical methods aim to provide reliable inference even when
assumptions such as normality or homoscedasticity are violated. These
techniques enhance the resilience of statistical conclusions against outliers
and model misspecifications.

Frequently Asked Questions

What is the difference between descriptive and
inferential statistics in mathematical statistics?

Descriptive statistics involves summarizing and organizing data using
measures like mean, median, mode, and standard deviation. Inferential
statistics uses sample data to make generalizations or predictions about a
larger population, often through hypothesis testing and confidence intervals.

What are the basic assumptions underlying most
statistical inference methods?

Common assumptions include independence of observations, identical
distribution (i.i.d.), normality of the population distribution in many
parametric tests, and random sampling from the population.

How is a probability distribution function (pdf)
used in mathematical statistics?

A probability distribution function describes the likelihood of different
outcomes in a random experiment. In mathematical statistics, pdfs are used to
model data distributions, calculate probabilities, and derive statistical
properties like expectation and variance.

What is the concept of a sufficient statistic, and
why is it important?

A sufficient statistic is a function of the data that captures all the
information needed to estimate a parameter without any loss of information.
It is important because it simplifies data analysis and leads to more



efficient estimators.

Can you explain the Central Limit Theorem and its
significance in statistics?

The Central Limit Theorem states that the sampling distribution of the sample
mean approaches a normal distribution as the sample size grows, regardless of
the population's distribution. This theorem justifies the use of normal-based
inference techniques even when the original data is not normal.

What is hypothesis testing in mathematical
statistics?

Hypothesis testing is a method to decide whether there is enough evidence in
a sample of data to infer that a certain condition holds for the entire
population, typically involving null and alternative hypotheses, test
statistics, and p-values.

What role does the likelihood function play in
parameter estimation?

The likelihood function measures the probability of observing the given data
as a function of the parameters. It is used in methods like maximum
likelihood estimation to find parameter values that make the observed data
most probable.

How are confidence intervals constructed and
interpreted?

Confidence intervals are constructed using sample data to estimate a range
within which a population parameter is expected to lie, with a specified
confidence level (e.g., 95%). They provide a measure of estimation
uncertainty, indicating that if the process were repeated many times, the
true parameter would lie within the interval in that proportion of cases.

Additional Resources

1. Introduction to Mathematical Statistics

This book provides a comprehensive introduction to the fundamental concepts
of mathematical statistics. It covers probability theory, estimation,
hypothesis testing, and large sample theory with clear explanations and
examples. Ideal for beginners, it lays the groundwork for further study in
statistical inference and applications.

2. Mathematical Statistics with Applications
Designed for students and practitioners, this book blends theory with
practical applications. It includes detailed discussions on probability



distributions, point estimation, confidence intervals, and hypothesis
testing. The text is supplemented with exercises and real-world examples to
reinforce understanding.

3. Probability and Statistics

This text offers a balanced approach to probability and statistics,
emphasizing the theoretical foundations and their practical uses. Topics such
as random variables, expectation, variance, and statistical inference are
thoroughly explored. The book is well-suited for those new to the subject and
for self-study purposes.

4. Statistical Inference

Focused on the principles of statistical inference, this book delves into
estimation theory, hypothesis testing, and decision theory. It presents
rigorous proofs alongside intuitive explanations to build a deep
understanding of the material. Suitable for advanced undergraduates and
beginning graduate students.

5. An Introduction to Probability and Statistical Inference

This book covers the essentials of probability and introduces the core
concepts of statistical inference. It features numerous examples and
exercises that illustrate the application of theoretical ideas to practical
problems. The accessible style makes it a good choice for introductory
courses.

6. Fundamentals of Mathematical Statistics

Offering a clear and concise treatment of statistical theory, this book
discusses topics such as sampling distributions, estimation methods, and
hypothesis testing. It emphasizes the mathematical underpinnings of
statistical methods while maintaining an approachable tone. The book is a
solid resource for students beginning their study in statistics.

7. Basic Probability and Statistics

This text introduces the basics of probability theory and statistical methods
with an emphasis on intuition and understanding. It covers probability
models, descriptive statistics, inference, and regression analysis. The book
is designed for those who need a straightforward introduction without heavy
mathematical detail.

8. Theory of Point Estimation

A classic reference in statistical estimation, this book provides a detailed
treatment of point estimation techniques. It includes unbiased estimation,
consistency, efficiency, and the Cramér-Rao lower bound. Suitable for readers
interested in the theoretical aspects of estimation in statistical inference.

9. Selected Topics in Mathematical Statistics

This collection explores advanced and specialized topics in mathematical
statistics, including nonparametric methods, Bayesian inference, and
asymptotic theory. It serves as a supplement to standard texts, offering
deeper insights into particular areas of interest. Ideal for graduate
students and researchers seeking to broaden their knowledge.
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mathematical statistics basic ideas and selected topics: Mathematical Statistics Peter ].
Bickel, Kjell A. Doksum, 1977 This classic, time-honored introduction to the theory and practice of
statistics modeling and inference reflects the changing focus of contemporary Statistics. Coverage
begins with the more general nonparametric point of view and then looks at parametric models as
submodels of the nonparametric ones which can be described smoothly by Euclidean parameters.
Although some computational issues are discussed, this is very much a book on theory. It relates
theory to conceptual and technical issues encountered in practice, viewing theory as suggestive for
practice, not prescriptive. It shows readers how assumptions which lead to neat theory may be
unrealistic in practice. Statistical Models, Goals, and Performance Criteria. Methods of Estimation.
Measures of Performance, Notions of Optimality, and Construction of Optimal Procedures in Simple
Situations. Testing Statistical Hypotheses: Basic Theory. Asymptotic Approximations.
Multiparameter Estimation, Testing and Confidence Regions. A Review of Basic Probability Theory.
More Advanced Topics in Analysis and Probability. Matrix Algebra. For anyone interested in
mathematical statistics working in statistics, bio-statistics, economics, computer science, and
mathematics.

mathematical statistics basic ideas and selected topics: Mathematical Statistics Peter J.
Bickel, Kjell A. Doksum, 2001 We now have an updated printing! Find more information at:
http://vig.prenhall.com/catalog/academic/product/0,1144,0132306379,00.html. In response to
feedback from faculty and students, some sections within the book have been rewritten. Also, a
number of corrections have been made, further improving the accuracy of this outstanding textbook.
This classic, time-honored introduction to the theory and practice of statistics modeling and
inference reflects the changing focus of contemporary Statistics. Coverage begins with the more
general nonparametric point of view and then looks at parametric models as submodels of the
nonparametric ones which can be described smoothly by Euclidean parameters. Although some
computational issues are discussed, this is very much a book on theory. It relates theory to
conceptual and technical issues encountered in practice, viewing theory as suggestive for practice,
not prescriptive. It shows readers how assumptions which lead to neat theory may be unrealistic in
practice. Statistical Models, Goals, and Performance Criteria. Methods of Estimation. Measures of
Performance, Notions of Optimality, and Construction of Optimal Procedures in Simple Situations.
Testing Statistical Hypotheses: Basic Theory. Asymptotic Approximations. Multiparameter
Estimation, Testing and Confidence Regions. A Review of Basic Probability Theory. More Advanced
Topics in Analysis and Probability. Matrix Algebra. For anyone interested in mathematical statistics
working in statistics, bio-statistics, economics, computer science, and mathematics.

mathematical statistics basic ideas and selected topics: Mathematical Statistics Peter ].
Bickel, Kjell A. Doksum, 2015-11-04 Mathematical Statistics: Basic Ideas and Selected Topics,
Volume II presents important statistical concepts, methods, and tools not covered in the authors'
previous volume. This second volume focuses on inference in non- and semiparametric models. It not
only reexamines the procedures introduced in the first volume from a more sophisticated point o
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asymptotic analysis Peter ]. Bickel, Kjell A. Doksum, 2001
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Bickel, Kjell A. Doksum, 2015

mathematical statistics basic ideas and selected topics: Mathematical Statistics; Basic
Ideas and Selected Topics Bickel & Doksum,

mathematical statistics basic ideas and selected topics: Proceedings 2004 VLDB
Conference VLDB, 2004-09-17 Proceedings of the 30th Annual International Conference on Very
Large Data Bases held in Toronto, Canada on August 31 - September 3 2004. Organized by the VLDB
Endowment, VLDB is the premier international conference on database technology.

mathematical statistics basic ideas and selected topics: An Introduction to Generalized
Linear Models Annette J. Dobson, Adrian G. Barnett, 2018-04-17 An Introduction to Generalized
Linear Models, Fourth Edition provides a cohesive framework for statistical modelling, with an
emphasis on numerical and graphical methods. This new edition of a bestseller has been updated
with new sections on non-linear associations, strategies for model selection, and a Postface on good
statistical practice. Like its predecessor, this edition presents the theoretical background of
generalized linear models (GLMs) before focusing on methods for analyzing particular kinds of data.
It covers Normal, Poisson, and Binomial distributions; linear regression models; classical estimation
and model fitting methods; and frequentist methods of statistical inference. After forming this
foundation, the authors explore multiple linear regression, analysis of variance (ANOVA), logistic
regression, log-linear models, survival analysis, multilevel modeling, Bayesian models, and Markov
chain Monte Carlo (MCMC) methods. Introduces GLMs in a way that enables readers to understand
the unifying structure that underpins them Discusses common concepts and principles of advanced
GLMs, including nominal and ordinal regression, survival analysis, non-linear associations and
longitudinal analysis Connects Bayesian analysis and MCMC methods to fit GLMs Contains
numerous examples from business, medicine, engineering, and the social sciences Provides the
example code for R, Stata, and WinBUGS to encourage implementation of the methods Offers the
data sets and solutions to the exercises online Describes the components of good statistical practice
to improve scientific validity and reproducibility of results. Using popular statistical software
programs, this concise and accessible text illustrates practical approaches to estimation, model
fitting, and model comparisons.

mathematical statistics basic ideas and selected topics: Advances In Statistical Modeling
And Inference: Essays In Honor Of Kjell A Doksum Vijay Nair, 2007-03-15 There have been major
developments in the field of statistics over the last quarter century, spurred by the rapid advances in
computing and data-measurement technologies. These developments have revolutionized the field
and have greatly influenced research directions in theory and methodology. Increased computing
power has spawned entirely new areas of research in computationally-intensive methods, allowing
us to move away from narrowly applicable parametric techniques based on restrictive assumptions
to much more flexible and realistic models and methods. These computational advances have also
led to the extensive use of simulation and Monte Carlo techniques in statistical inference. All of
these developments have, in turn, stimulated new research in theoretical statistics.This volume
provides an up-to-date overview of recent advances in statistical modeling and inference. Written by
renowned researchers from across the world, it discusses flexible models, semi-parametric methods
and transformation models, nonparametric regression and mixture models, survival and reliability
analysis, and re-sampling techniques. With its coverage of methodology and theory as well as
applications, the book is an essential reference for researchers, graduate students, and
practitioners.

mathematical statistics basic ideas and selected topics: Stochastic Processes Pierre Del
Moral, Spiridon Penev, 2017-02-24 Unlike traditional books presenting stochastic processes in an
academic way, this book includes concrete applications that students will find interesting such as
gambling, finance, physics, signal processing, statistics, fractals, and biology. Written with an



important illustrated guide in the beginning, it contains many illustrations, photos and pictures,
along with several website links. Computational tools such as simulation and Monte Carlo methods
are included as well as complete toolboxes for both traditional and new computational techniques.

mathematical statistics basic ideas and selected topics: Modeling and Analysis of
Stochastic Systems, Third Edition Vidyadhar G. Kulkarni, 2016-11-18 Building on the author’s more
than 35 years of teaching experience, Modeling and Analysis of Stochastic Systems, Third Edition,
covers the most important classes of stochastic processes used in the modeling of diverse systems.
For each class of stochastic process, the text includes its definition, characterization, applications,
transient and limiting behavior, first passage times, and cost/reward models. The third edition has
been updated with several new applications, including the Google search algorithm in discrete time
Markov chains, several examples from health care and finance in continuous time Markov chains,
and square root staffing rule in Queuing models. More than 50 new exercises have been added to
enhance its use as a course text or for self-study. The sequence of chapters and exercises has been
maintained between editions, to enable those now teaching from the second edition to use the third
edition. Rather than offer special tricks that work in specific problems, this book provides thorough
coverage of general tools that enable the solution and analysis of stochastic models. After mastering
the material in the text, readers will be well-equipped to build and analyze useful stochastic models
for real-life situations.

mathematical statistics basic ideas and selected topics: Introduction to Statistical Methods
for Financial Models Thomas A Severini, 2017-07-06 This book provides an introduction to the use of
statistical concepts and methods to model and analyze financial data. The ten chapters of the book
fall naturally into three sections. Chapters 1 to 3 cover some basic concepts of finance, focusing on
the properties of returns on an asset. Chapters 4 through 6 cover aspects of portfolio theory and the
methods of estimation needed to implement that theory. The remainder of the book, Chapters 7
through 10, discusses several models for financial data, along with the implications of those models
for portfolio theory and for understanding the properties of return data. The audience for the book is
students majoring in Statistics and Economics as well as in quantitative fields such as Mathematics
and Engineering. Readers are assumed to have some background in statistical methods along with
courses in multivariate calculus and linear algebra.

mathematical statistics basic ideas and selected topics: Applied Mathematics for the
Analysis of Biomedical Data Peter J. Costa, 2017-02-21 Features a practical approach to the
analysis of biomedical data via mathematical methods and provides a MATLAB® toolbox for the
collection, visualization, and evaluation of experimental and real-life data Applied Mathematics for
the Analysis of Biomedical Data: Models, Methods, and MATLAB® presents a practical approach to
the task that biological scientists face when analyzing data. The primary focus is on the application
of mathematical models and scientific computing methods to provide insight into the behavior of
biological systems. The author draws upon his experience in academia, industry, and
government-sponsored research as well as his expertise in MATLAB to produce a suite of computer
programs with applications in epidemiology, machine learning, and biostatistics. These models are
derived from real-world data and concerns. Among the topics included are the spread of infectious
disease (HIV/AIDS) through a population, statistical pattern recognition methods to determine the
presence of disease in a diagnostic sample, and the fundamentals of hypothesis testing. In addition,
the author uses his professional experiences to present unique case studies whose analyses provide
detailed insights into biological systems and the problems inherent in their examination. The book
contains a well-developed and tested set of MATLAB functions that act as a general toolbox for
practitioners of quantitative biology and biostatistics. This combination of MATLAB functions and
practical tips amplifies the book’s technical merit and value to industry professionals. Through
numerous examples and sample code blocks, the book provides readers with illustrations of MATLAB
programming. Moreover, the associated toolbox permits readers to engage in the process of data
analysis without needing to delve deeply into the mathematical theory. This gives an accessible view
of the material for readers with varied backgrounds. As a result, the book provides a streamlined




framework for the development of mathematical models, algorithms, and the corresponding
computer code. In addition, the book features: Real-world computational procedures that can be
readily applied to similar problems without the need for keen mathematical acumen Clear
delineation of topics to accelerate access to data analysis Access to a book companion website
containing the MATLAB toolbox created for this book, as well as a Solutions Manual with solutions
to selected exercises Applied Mathematics for the Analysis of Biomedical Data: Models, Methods,
and MATLAB® is an excellent textbook for students in mathematics, biostatistics, the life and social
sciences, and quantitative, computational, and mathematical biology. This book is also an ideal
reference for industrial scientists, biostatisticians, product development scientists, and practitioners
who use mathematical models of biological systems in biomedical research, medical device
development, and pharmaceutical submissions.

mathematical statistics basic ideas and selected topics: Handbook of the Normal
Distribution, Second Edition Jagdish K. Patel, Campbell B. Read, 1996-01-16 Traces the historical
development of the normal law. Second Edition offers a comprehensive treatment of the bivariate
normal distribution--presenting entirely new material on normal integrals, asymptotic normality, the
asymptotic properties of order statistics, and point estimation and statistical intervals.

mathematical statistics basic ideas and selected topics: Theory of Statistical Inference
Anthony Almudevar, 2021-12-30 Theory of Statistical Inference is designed as a reference on
statistical inference for researchers and students at the graduate or advanced undergraduate level.
It presents a unified treatment of the foundational ideas of modern statistical inference, and would
be suitable for a core course in a graduate program in statistics or biostatistics. The emphasis is on
the application of mathematical theory to the problem of inference, leading to an optimization theory
allowing the choice of those statistical methods yielding the most efficient use of data. The book
shows how a small number of key concepts, such as sufficiency, invariance, stochastic ordering,
decision theory and vector space algebra play a recurring and unifying role. The volume can be
divided into four sections. Part I provides a review of the required distribution theory. Part II
introduces the problem of statistical inference. This includes the definitions of the exponential
family, invariant and Bayesian models. Basic concepts of estimation, confidence intervals and
hypothesis testing are introduced here. Part III constitutes the core of the volume, presenting a
formal theory of statistical inference. Beginning with decision theory, this section then covers
uniformly minimum variance unbiased (UMVU) estimation, minimum risk equivariant (MRE)
estimation and the Neyman-Pearson test. Finally, Part IV introduces large sample theory. This
section begins with stochastic limit theorems, the 6-method, the Bahadur representation theorem for
sample quantiles, large sample U-estimation, the Cramér-Rao lower bound and asymptotic
efficiency. A separate chapter is then devoted to estimating equation methods. The volume ends with
a detailed development of large sample hypothesis testing, based on the likelihood ratio test (LRT),
Rao score test and the Wald test. Features This volume includes treatment of linear and nonlinear
regression models, ANOVA models, generalized linear models (GLM) and generalized estimating
equations (GEE). An introduction to decision theory (including risk, admissibility, classification,
Bayes and minimax decision rules) is presented. The importance of this sometimes overlooked topic
to statistical methodology is emphasized. The volume emphasizes throughout the important role that
can be played by group theory and invariance in statistical inference. Nonparametric (rank-based)
methods are derived by the same principles used for parametric models and are therefore presented
as solutions to well-defined mathematical problems, rather than as robust heuristic alternatives to
parametric methods. Each chapter ends with a set of theoretical and applied exercises integrated
with the main text. Problems involving R programming are included. Appendices summarize the
necessary background in analysis, matrix algebra and group theory.

mathematical statistics basic ideas and selected topics: Robustness Theory and Application
Brenton R. Clarke, 2018-07-11 A preeminent expert in the field explores new and exciting
methodologies in the ever-growing field of robust statistics Used to develop data analytical methods,
which are resistant to outlying observations in the data, while capable of detecting outliers, robust



statistics is extremely useful for solving an array of common problems, such as estimating location,
scale, and regression parameters. Written by an internationally recognized expert in the field of
robust statistics, this book addresses a range of well-established techniques while exploring, in
depth, new and exciting methodologies. Local robustness and global robustness are discussed, and
problems of non-identifiability and adaptive estimation are considered. Rather than attempt an
exhaustive investigation of robustness, the author provides readers with a timely review of many of
the most important problems in statistical inference involving robust estimation, along with a brief
look at confidence intervals for location. Throughout, the author meticulously links research in
maximum likelihood estimation with the more general M-estimation methodology. Specific
applications and R and some MATLAB subroutines with accompanying data sets—available both in
the text and online—are employed wherever appropriate. Providing invaluable insights and
guidance, Robustness Theory and Application: Offers a balanced presentation of theory and
applications within each topic-specific discussion Features solved examples throughout which help
clarify complex and/or difficult concepts Meticulously links research in maximum likelihood type
estimation with the more general M-estimation methodology Delves into new methodologies which
have been developed over the past decade without stinting on coverage of “tried-and-true”
methodologies Includes R and some MATLAB subroutines with accompanying data sets, which help
illustrate the power of the methods described Robustness Theory and Application is an important
resource for all statisticians interested in the topic of robust statistics. This book encompasses both
past and present research, making it a valuable supplemental text for graduate-level courses in
robustness.

mathematical statistics basic ideas and selected topics: Introduction to Bayesian
Methods in Ecology and Natural Resources Edwin J. Green, Andrew O. Finley, William E.
Strawderman, 2020-11-26 This book presents modern Bayesian analysis in a format that is
accessible to researchers in the fields of ecology, wildlife biology, and natural resource
management. Bayesian analysis has undergone a remarkable transformation since the early 1990s.
Widespread adoption of Markov chain Monte Carlo techniques has made the Bayesian paradigm the
viable alternative to classical statistical procedures for scientific inference. The Bayesian approach
has a number of desirable qualities, three chief ones being: i) the mathematical procedure is always
the same, allowing the analyst to concentrate on the scientific aspects of the problem; ii) historical
information is readily used, when appropriate; and iii) hierarchical models are readily
accommodated. This monograph contains numerous worked examples and the requisite computer
programs. The latter are easily modified to meet new situations. A primer on probability
distributions is also included because these form the basis of Bayesian inference. Researchers and
graduate students in Ecology and Natural Resource Management will find this book a valuable
reference.

mathematical statistics basic ideas and selected topics: Counterexamples in Probability
and Real Analysis Gary L. Wise, Eric B. Hall, 1993-10-07 A counterexample is any example or result
that is the opposite of one's intuition or to commonly held beliefs. Counterexamples can have great
educational value in illuminating complex topics that are difficult to explain in a rigidly logical,
written presentation. For example, ideas in mathematical sciences that might seem intuitively
obvious may be proved incorrect with the use of a counterexample. This monograph concentrates on
counterexamples for use at the intersection of probability and real analysis, which makes it unique
among such treatments. The authors argue convincingly that probability theory cannot be separated
from real analysis, and this book contains over 300 examples related to both the theory and
application of mathematics. Many of the examples in this collection are new, and many old ones,
previously buried in the literature, are now accessible for the first time. In contrast to several other
collections, all of the examples in this book are completely self-contained--no details are passed off
to obscure outside references. Students and theorists across fields as diverse as real analysis,
probability, statistics, and engineering will want a copy of this book.

mathematical statistics basic ideas and selected topics: Image Segmentation and




Compression Using Hidden Markov Models Jia Li, Robert M. Gray, 2012-12-06 In the current age of
information technology, the issues of distributing and utilizing images efficiently and effectively are
of substantial concern. Solutions to many of the problems arising from these issues are provided by
techniques of image processing, among which segmentation and compression are topics of this book.
Image segmentation is a process for dividing an image into its constituent parts. For block-based
segmentation using statistical classification, an image is divided into blocks and a feature vector is
formed for each block by grouping statistics of its pixel intensities. Conventional block-based
segmentation algorithms classify each block separately, assuming independence of feature vectors.
Image Segmentation and Compression Using Hidden Markov Models presents a new algorithm that
models the statistical dependence among image blocks by two dimensional hidden Markov models
(HMMs). Formulas for estimating the model according to the maximum likelihood criterion are
derived from the EM algorithm. To segment an image, optimal classes are searched jointly for all the
blocks by the maximum a posteriori (MAP) rule. The 2-D HMM is extended to multiresolution so that
more context information is exploited in classification and fast progressive segmentation schemes
can be formed naturally. The second issue addressed in the book is the design of joint compression
and classification systems using the 2-D HMM and vector quantization. A classifier designed with
the side goal of good compression often outperforms one aimed solely at classification because
overfitting to training data is suppressed by vector quantization. Image Segmentation and
Compression Using Hidden Markov Models is an essential reference source for researchers and
engineers working in statistical signal processing or image processing, especially those who are
interested in hidden Markov models. It is also of value to those working on statistical modeling.
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