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Statistical Analysis with Missing Data: A
Comprehensive Guide

Introduction:

Missing data. It's the bane of every researcher's existence. Whether you're
analyzing survey responses, medical records, or sales figures, the
frustrating reality of incomplete datasets is unavoidable. But don't despair!
Ignoring missing data is rarely a viable option, as it can severely bias your
results and lead to inaccurate conclusions. This comprehensive guide dives
deep into the world of statistical analysis with missing data, providing you
with the knowledge and techniques to handle this challenge effectively. We'll
explore different types of missing data, examine various imputation methods,
discuss the implications of missing data on your analysis, and equip you with
practical strategies for navigating this common statistical hurdle. By the
end, you'll be confident in your ability to analyze data sets with missing
values and draw robust, reliable inferences.

Understanding the Nature of Missing Data:1.

Before diving into solutions, it's crucial to understand the why behind the
missing data. Knowing the mechanism of missingness informs the appropriate
handling strategy. We categorize missing data mechanisms into three main
types:

Missing Completely at Random (MCAR): The probability of missing data is
unrelated to any observed or unobserved variables. This is the ideal
scenario, though rarely encountered in real-world datasets. For example, if
survey respondents randomly fail to answer a specific question due to a
printer malfunction, this would be considered MCAR.

Missing at Random (MAR): The probability of missing data is related to
observed variables but not to the missing values themselves. For instance,
high-income individuals may be less likely to respond to questions about
their financial difficulties. The missingness depends on income (an observed
variable), but not directly on the missing responses to the financial
questions.

Missing Not at Random (MNAR): The probability of missing data is related to
the missing values themselves. This is the most challenging scenario. For
example, individuals with extremely high blood pressure might be less likely



to participate in a follow-up health survey because they are avoiding
confronting their health issues. The missingness is directly related to the
missing blood pressure data.

Methods for Handling Missing Data:1.

There's no one-size-fits-all solution for dealing with missing data. The best
approach depends on the nature of the missingness, the type of data, and the
analytical goals. Common strategies include:

Listwise Deletion (Complete Case Analysis): This involves removing all
observations with any missing values. While simple, it's often inefficient
and can lead to significant bias, especially if the missing data is not MCAR.
It's generally discouraged unless the proportion of missing data is extremely
small and MCAR.

Pairwise Deletion: This utilizes all available data for each analysis. For
instance, if one variable has missing data for certain observations, that
data is excluded only from analyses involving that particular variable. While
better than listwise deletion, it can still lead to inconsistencies and
biased estimates.

Imputation: This involves replacing missing values with estimated values.
Various imputation methods exist, each with its strengths and weaknesses:

Mean/Median/Mode Imputation: This simple method replaces missing values with
the mean (for continuous data), median (for skewed continuous data), or mode
(for categorical data) of the observed values. While easy to implement, it
underestimates the variability and can bias results.

Regression Imputation: Missing values are predicted using a regression model
based on observed variables. This approach is more sophisticated than simple
mean/median/mode imputation but still has limitations.

Multiple Imputation (MI): This advanced technique creates multiple plausible
imputed datasets, each reflecting the uncertainty inherent in the missing
data. Results are then combined across the datasets to obtain more accurate
and robust estimates. MI is generally considered the gold standard for
handling missing data, especially when dealing with MNAR data.

Impact of Missing Data on Statistical Analysis:1.

Ignoring missing data or using inadequate handling methods can have severe
consequences:



Bias: Missing data can bias parameter estimates, leading to inaccurate
conclusions.
Reduced Statistical Power: Loss of data reduces the power of statistical
tests, making it harder to detect true effects.
Increased Standard Errors: Missing data can inflate standard errors, leading
to wider confidence intervals and less precise estimates.
Invalid Assumptions: Many statistical techniques rely on assumptions that are
violated when significant missing data is present.

Choosing the Right Method: A Practical Guide1.

The selection of an appropriate method hinges on a careful assessment of the
data and the research question:

Assess the Missing Data Mechanism: Determine if the data is MCAR, MAR, or
MNAR. This helps determine the suitability of different imputation methods.
Consider the Amount of Missing Data: A small amount of MCAR data might
justify listwise deletion, but larger amounts or non-MCAR data require more
sophisticated techniques.
Evaluate the Type of Data: The choice of imputation method also depends on
whether the data is continuous, categorical, or ordinal.
Consider the Impact on Analysis: Choose a method that minimizes bias and
maximizes the accuracy of your results.

Software and Tools for Handling Missing Data:1.

Several statistical software packages offer functionalities for handling
missing data:

R: Offers a wide range of packages for imputation (e.g., `mice`, `Amelia`,
`mi`), diagnostics, and analysis.
SAS: Provides powerful procedures for handling missing data, including
multiple imputation techniques.
SPSS: Includes imputation options and procedures for analyzing data with
missing values.
Stata: Offers various commands for handling missing data and implementing
multiple imputation.

Sample Book Outline: "Navigating Missing Data in Statistical Analysis"

Introduction: Defining missing data, types of missingness, and the
consequences of ignoring missing data.
Chapter 1: Understanding Missing Data Mechanisms: MCAR, MAR, MNAR, and their



implications.
Chapter 2: Methods for Handling Missing Data: Listwise deletion, pairwise
deletion, imputation methods (mean/median/mode, regression, multiple
imputation).
Chapter 3: Multiple Imputation in Depth: Principles, procedures, and software
implementation.
Chapter 4: Assessing the Impact of Missing Data: Bias, power, and validity of
statistical inferences.
Chapter 5: Practical Applications and Case Studies: Real-world examples and
demonstrations of different techniques.
Chapter 6: Advanced Topics: Sensitivity analysis, diagnostics for assessing
imputation quality.
Conclusion: Summary of key findings, best practices, and future directions.
Appendix: Software codes and examples.

(The following sections would then expand upon each chapter outline point
with detailed explanations and examples, potentially using R code snippets or
illustrative figures. Due to the length constraint, these detailed
explanations are omitted here.)

Frequently Asked Questions (FAQs):

What is the best method for handling missing data? There's no single1.
"best" method; the optimal approach depends on the specific
characteristics of the data and the research question. Multiple
imputation is often preferred for its robustness.

How do I determine if my data is MCAR, MAR, or MNAR? This often involves1.
examining the patterns of missingness and using diagnostic tests.
However, definitively determining MNAR is often difficult.

Can I just ignore missing data? Generally, no. Ignoring missing data can1.
lead to biased results and inaccurate conclusions.

What is multiple imputation, and why is it preferred? Multiple1.
imputation creates multiple plausible imputed datasets, accounting for
uncertainty in the imputed values, leading to more accurate and robust
results than single imputation methods.



How do I choose the number of imputations in multiple imputation? A1.
common recommendation is to use 5-10 imputations.

What software can I use for multiple imputation? R, SAS, SPSS, and Stata1.
all offer capabilities for multiple imputation.

What if I have a large proportion of missing data? If a very large1.
proportion of data is missing, you may need to reconsider your data
collection methods or the feasibility of your analysis.

How can I assess the quality of my imputed data? Various diagnostic1.
tools can assess the plausibility and quality of imputed values.

What are the potential biases introduced by different missing data1.
handling techniques? Different techniques introduce different biases,
impacting parameter estimates and standard errors. Understanding these
biases is critical to interpreting results appropriately.

Related Articles:

Multiple Imputation using the `mice` package in R: A tutorial on using1.
the popular `mice` package in R for multiple imputation.

Handling Missing Data in Survey Research: Strategies for dealing with1.
missing data specifically in survey datasets.

The Impact of Missing Data on Regression Analysis: A detailed1.
examination of how missing data affects regression models.



Comparing Imputation Methods: A Simulation Study: A comparative analysis1.
of various imputation methods through simulation.

Missing Data and Causal Inference: The challenges posed by missing data1.
in causal inference studies.

Sensitivity Analysis for Missing Not at Random Data: Techniques for1.
assessing the sensitivity of results to assumptions about the missing
data mechanism.

Advanced Techniques in Multiple Imputation: A deeper dive into more1.
complex aspects of multiple imputation.

Dealing with Missing Data in Longitudinal Studies: Specific strategies1.
for handling missing data in repeated measures designs.

Missing Data and Machine Learning: Techniques for handling missing data1.
in the context of machine learning algorithms.

  statistical analysis with missing data: Statistical Analysis with Missing Data Roderick J. A.
Little, Donald B. Rubin, 2019-04-23 An up-to-date, comprehensive treatment of a classic text on
missing data in statistics The topic of missing data has gained considerable attention in recent
decades. This new edition by two acknowledged experts on the subject offers an up-to-date account
of practical methodology for handling missing data problems. Blending theory and application,
authors Roderick Little and Donald Rubin review historical approaches to the subject and describe
simple methods for multivariate analysis with missing values. They then provide a coherent theory
for analysis of problems based on likelihoods derived from statistical models for the data and the
missing data mechanism, and then they apply the theory to a wide range of important missing data
problems. Statistical Analysis with Missing Data, Third Edition starts by introducing readers to the
subject and approaches toward solving it. It looks at the patterns and mechanisms that create the
missing data, as well as a taxonomy of missing data. It then goes on to examine missing data in
experiments, before discussing complete-case and available-case analysis, including weighting
methods. The new edition expands its coverage to include recent work on topics such as
nonresponse in sample surveys, causal inference, diagnostic methods, and sensitivity analysis,



among a host of other topics. An updated “classic” written by renowned authorities on the subject
Features over 150 exercises (including many new ones) Covers recent work on important methods
like multiple imputation, robust alternatives to weighting, and Bayesian methods Revises previous
topics based on past student feedback and class experience Contains an updated and expanded
bibliography The authors were awarded The Karl Pearson Prize in 2017 by the International
Statistical Institute, for a research contribution that has had profound influence on statistical theory,
methodology or applications. Their work has been no less than defining and transforming. (ISI)
Statistical Analysis with Missing Data, Third Edition is an ideal textbook for upper undergraduate
and/or beginning graduate level students of the subject. It is also an excellent source of information
for applied statisticians and practitioners in government and industry.
  statistical analysis with missing data: Statistical Analysis With Missing Data Roderick J.
A. Little, Donald B. Rubin, 1987-05-11 Blending theory and application, this study reviews historical
approaches to the subject and provides rigorous yet simple methods for multivariate analysis with
missing values.
  statistical analysis with missing data: Statistical Analysis with Missing Data Roderick J. A.
Little, Donald B. Rubin, 2014-08-25 * Emphasizes the latest trends in the field. * Includes a new
chapter on evolving methods. * Provides updated or revised material in most of the chapters.
  statistical analysis with missing data: Handbook of Missing Data Methodology Geert
Molenberghs, Garrett Fitzmaurice, Michael G. Kenward, Anastasios Tsiatis, Geert Verbeke,
2014-11-06 Missing data affect nearly every discipline by complicating the statistical analysis of
collected data. But since the 1990s, there have been important developments in the statistical
methodology for handling missing data. Written by renowned statisticians in this area, Handbook of
Missing Data Methodology presents many methodological advances and the latest applications of
missing data methods in empirical research. Divided into six parts, the handbook begins by
establishing notation and terminology. It reviews the general taxonomy of missing data mechanisms
and their implications for analysis and offers a historical perspective on early methods for handling
missing data. The following three parts cover various inference paradigms when data are missing,
including likelihood and Bayesian methods; semi-parametric methods, with particular emphasis on
inverse probability weighting; and multiple imputation methods. The next part of the book focuses
on a range of approaches that assess the sensitivity of inferences to alternative, routinely
non-verifiable assumptions about the missing data process. The final part discusses special topics,
such as missing data in clinical trials and sample surveys as well as approaches to model diagnostics
in the missing data setting. In each part, an introduction provides useful background material and an
overview to set the stage for subsequent chapters. Covering both established and emerging
methodologies for missing data, this book sets the scene for future research. It provides the
framework for readers to delve into research and practical applications of missing data methods.
  statistical analysis with missing data: Statistical Power Analysis with Missing Data Adam
Davey, Jyoti "Tina" Savla, 2009-08-20 Statistical power analysis has revolutionized the ways in which
we conduct and evaluate research. Similar developments in the statistical analysis of incomplete
(missing) data are gaining more widespread applications. This volume brings statistical power and
incomplete data together under a common framework, in a way that is readily accessible to those
with only an introductory familiarity with structural equation modeling. It answers many practical
questions such as: How missing data affects the statistical power in a study How much power is
likely with different amounts and types of missing data How to increase the power of a design in the
presence of missing data, and How to identify the most powerful design in the presence of missing
data. Points of Reflection encourage readers to stop and test their understanding of the material. Try
Me sections test one’s ability to apply the material. Troubleshooting Tips help to prevent commonly
encountered problems. Exercises reinforce content and Additional Readings provide sources for
delving more deeply into selected topics. Numerous examples demonstrate the book’s application to
a variety of disciplines. Each issue is accompanied by its potential strengths and shortcomings and
examples using a variety of software packages (SAS, SPSS, Stata, LISREL, AMOS, and MPlus).



Syntax is provided using a single software program to promote continuity but in each case, parallel
syntax using the other packages is presented in appendixes. Routines, data sets, syntax files, and
links to student versions of software packages are found at www.psypress.com/davey. The worked
examples in Part 2 also provide results from a wider set of estimated models. These tables, and
accompanying syntax, can be used to estimate statistical power or required sample size for similar
problems under a wide range of conditions. Class-tested at Temple, Virginia Tech, and Miami
University of Ohio, this brief text is an ideal supplement for graduate courses in applied statistics,
statistics II, intermediate or advanced statistics, experimental design, structural equation modeling,
power analysis, and research methods taught in departments of psychology, human development,
education, sociology, nursing, social work, gerontology and other social and health sciences. The
book’s applied approach will also appeal to researchers in these areas. Sections covering
Fundamentals, Applications, and Extensions are designed to take readers from first steps to
mastery.
  statistical analysis with missing data: Applied Missing Data Analysis Craig K. Enders,
2010-04-23 Walking readers step by step through complex concepts, this book translates missing
data techniques into something that applied researchers and graduate students can understand and
utilize in their own research. Enders explains the rationale and procedural details for maximum
likelihood estimation, Bayesian estimation, multiple imputation, and models for handling missing not
at random (MNAR) data. Easy-to-follow examples and small simulated data sets illustrate the
techniques and clarify the underlying principles. The companion website includes data files and
syntax for the examples in the book as well as up-to-date information on software. The book is
accessible to substantive researchers while providing a level of detail that will satisfy quantitative
specialists. This book will appeal to researchers and graduate students in psychology, education,
management, family studies, public health, sociology, and political science. It will also serve as a
supplemental text for doctoral-level courses or seminars in advanced quantitative methods, survey
analysis, longitudinal data analysis, and multilevel modeling, and as a primary text for doctoral-level
courses or seminars in missing data.
  statistical analysis with missing data: Missing Data John W. Graham, 2012-06-08 Missing
data have long plagued those conducting applied research in the social, behavioral, and health
sciences. Good missing data analysis solutions are available, but practical information about
implementation of these solutions has been lacking. The objective of Missing Data: Analysis and
Design is to enable investigators who are non-statisticians to implement modern missing data
procedures properly in their research, and reap the benefits in terms of improved accuracy and
statistical power. Missing Data: Analysis and Design contains essential information for both
beginners and advanced readers. For researchers with limited missing data analysis experience, this
book offers an easy-to-read introduction to the theoretical underpinnings of analysis of missing data;
provides clear, step-by-step instructions for performing state-of-the-art multiple imputation analyses;
and offers practical advice, based on over 20 years' experience, for avoiding and troubleshooting
problems. For more advanced readers, unique discussions of attrition, non-Monte-Carlo techniques
for simulations involving missing data, evaluation of the benefits of auxiliary variables, and highly
cost-effective planned missing data designs are provided. The author lays out missing data theory in
a plain English style that is accessible and precise. Most analysis described in the book are
conducted using the well-known statistical software packages SAS and SPSS, supplemented by
Norm 2.03 and associated Java-based automation utilities. A related web site contains free
downloads of the supplementary software, as well as sample empirical data sets and a variety of
practical exercises described in the book to enhance and reinforce the reader’s learning experience.
Missing Data: Analysis and Design and its web site work together to enable beginners to gain
confidence in their ability to conduct missing data analysis, and more advanced readers to expand
their skill set.
  statistical analysis with missing data: Statistical Methods for Handling Incomplete Data Jae
Kwang Kim, Jun Shao, 2021-11-19 Due to recent theoretical findings and advances in statistical



computing, there has been a rapid development of techniques and applications in the area of missing
data analysis. Statistical Methods for Handling Incomplete Data covers the most up-to-date
statistical theories and computational methods for analyzing incomplete data. Features Uses the
mean score equation as a building block for developing the theory for missing data analysis Provides
comprehensive coverage of computational techniques for missing data analysis Presents a rigorous
treatment of imputation techniques, including multiple imputation fractional imputation Explores the
most recent advances of the propensity score method and estimation techniques for nonignorable
missing data Describes a survey sampling application Updated with a new chapter on Data
Integration Now includes a chapter on Advanced Topics, including kernel ridge regression
imputation and neural network model imputation The book is primarily aimed at researchers and
graduate students from statistics, and could be used as a reference by applied researchers with a
good quantitative background. It includes many real data examples and simulated examples to help
readers understand the methodologies.
  statistical analysis with missing data: Flexible Imputation of Missing Data, Second Edition
Stef van Buuren, 2018-07-17 Missing data pose challenges to real-life data analysis. Simple ad-hoc
fixes, like deletion or mean imputation, only work under highly restrictive conditions, which are
often not met in practice. Multiple imputation replaces each missing value by multiple plausible
values. The variability between these replacements reflects our ignorance of the true (but missing)
value. Each of the completed data set is then analyzed by standard methods, and the results are
pooled to obtain unbiased estimates with correct confidence intervals. Multiple imputation is a
general approach that also inspires novel solutions to old problems by reformulating the task at
hand as a missing-data problem. This is the second edition of a popular book on multiple imputation,
focused on explaining the application of methods through detailed worked examples using the MICE
package as developed by the author. This new edition incorporates the recent developments in this
fast-moving field. This class-tested book avoids mathematical and technical details as much as
possible: formulas are accompanied by verbal statements that explain the formula in accessible
terms. The book sharpens the reader’s intuition on how to think about missing data, and provides all
the tools needed to execute a well-grounded quantitative analysis in the presence of missing data.
  statistical analysis with missing data: Multiple Imputation of Missing Data in Practice Yulei
He, Guangyu Zhang, Chiu-Hsieh Hsu, 2021-11-20 Multiple Imputation of Missing Data in Practice:
Basic Theory and Analysis Strategies provides a comprehensive introduction to the multiple
imputation approach to missing data problems that are often encountered in data analysis. Over the
past 40 years or so, multiple imputation has gone through rapid development in both theories and
applications. It is nowadays the most versatile, popular, and effective missing-data strategy that is
used by researchers and practitioners across different fields. There is a strong need to better
understand and learn about multiple imputation in the research and practical community. Accessible
to a broad audience, this book explains statistical concepts of missing data problems and the
associated terminology. It focuses on how to address missing data problems using multiple
imputation. It describes the basic theory behind multiple imputation and many commonly-used
models and methods. These ideas are illustrated by examples from a wide variety of missing data
problems. Real data from studies with different designs and features (e.g., cross-sectional data,
longitudinal data, complex surveys, survival data, studies subject to measurement error, etc.) are
used to demonstrate the methods. In order for readers not only to know how to use the methods, but
understand why multiple imputation works and how to choose appropriate methods, simulation
studies are used to assess the performance of the multiple imputation methods. Example datasets
and sample programming code are either included in the book or available at a github site
(https://github.com/he-zhang-hsu/multiple_imputation_book). Key Features Provides an overview of
statistical concepts that are useful for better understanding missing data problems and multiple
imputation analysis Provides a detailed discussion on multiple imputation models and methods
targeted to different types of missing data problems (e.g., univariate and multivariate missing data
problems, missing data in survival analysis, longitudinal data, complex surveys, etc.) Explores



measurement error problems with multiple imputation Discusses analysis strategies for multiple
imputation diagnostics Discusses data production issues when the goal of multiple imputation is to
release datasets for public use, as done by organizations that process and manage large-scale
surveys with nonresponse problems For some examples, illustrative datasets and sample
programming code from popular statistical packages (e.g., SAS, R, WinBUGS) are included in the
book. For others, they are available at a github site
(https://github.com/he-zhang-hsu/multiple_imputation_book)
  statistical analysis with missing data: Secondary Analysis of Electronic Health Records
MIT Critical Data, 2016-09-09 This book trains the next generation of scientists representing
different disciplines to leverage the data generated during routine patient care. It formulates a more
complete lexicon of evidence-based recommendations and support shared, ethical decision making
by doctors with their patients. Diagnostic and therapeutic technologies continue to evolve rapidly,
and both individual practitioners and clinical teams face increasingly complex ethical decisions.
Unfortunately, the current state of medical knowledge does not provide the guidance to make the
majority of clinical decisions on the basis of evidence. The present research infrastructure is
inefficient and frequently produces unreliable results that cannot be replicated. Even randomized
controlled trials (RCTs), the traditional gold standards of the research reliability hierarchy, are not
without limitations. They can be costly, labor intensive, and slow, and can return results that are
seldom generalizable to every patient population. Furthermore, many pertinent but unresolved
clinical and medical systems issues do not seem to have attracted the interest of the research
enterprise, which has come to focus instead on cellular and molecular investigations and
single-agent (e.g., a drug or device) effects. For clinicians, the end result is a bit of a “data desert”
when it comes to making decisions. The new research infrastructure proposed in this book will help
the medical profession to make ethically sound and well informed decisions for their patients.
  statistical analysis with missing data: Missing Data Paul D. Allison, 2001-08-13 Sooner or
later anyone who does statistical analysis runs into problems with missing data in which information
for some variables is missing for some cases. Why is this a problem? Because most statistical
methods presume that every case has information on all the variables to be included in the analysis.
Using numerous examples and practical tips, this book offers a nontechnical explanation of the
standard methods for missing data (such as listwise or casewise deletion) as well as two newer (and,
better) methods, maximum likelihood and multiple imputation. Anyone who has been relying on
ad-hoc methods that are statistically inefficient or biased will find this book a welcome and
accessible solution to their problems with handling missing data.
  statistical analysis with missing data: Multiple Imputation of Missing Data Using SAS
Patricia Berglund, Steven G. Heeringa, 2014-07-01 Find guidance on using SAS for multiple
imputation and solving common missing data issues. Multiple Imputation of Missing Data Using SAS
provides both theoretical background and constructive solutions for those working with incomplete
data sets in an engaging example-driven format. It offers practical instruction on the use of SAS for
multiple imputation and provides numerous examples that use a variety of public release data sets
with applications to survey data. Written for users with an intermediate background in SAS
programming and statistics, this book is an excellent resource for anyone seeking guidance on
multiple imputation. The authors cover the MI and MIANALYZE procedures in detail, along with
other procedures used for analysis of complete data sets. They guide analysts through the multiple
imputation process, including evaluation of missing data patterns, choice of an imputation method,
execution of the process, and interpretation of results. Topics discussed include how to deal with
missing data problems in a statistically appropriate manner, how to intelligently select an imputation
method, how to incorporate the uncertainty introduced by the imputation process, and how to
incorporate the complex sample design (if appropriate) through use of the SAS SURVEY procedures.
Discover the theoretical background and see extensive applications of the multiple imputation
process in action. This book is part of the SAS Press program.
  statistical analysis with missing data: Multiple Imputation and its Application James



Carpenter, Michael Kenward, 2012-12-21 A practical guide to analysing partially observeddata.
Collecting, analysing and drawing inferences from data iscentral to research in the medical and
social sciences.Unfortunately, it is rarely possible to collect all the intendeddata. The literature on
inference from the resultingincomplete data is now huge, and continues to grow both asmethods are
developed for large and complex data structures, and asincreasing computer power and suitable
software enable researchersto apply these methods. This book focuses on a particular statistical
method foranalysing and drawing inferences from incomplete data, calledMultiple Imputation (MI).
MI is attractive because it is bothpractical and widely applicable. The authors aim is to clarify
theissues raised by missing data, describing the rationale for MI, therelationship between the
various imputation models and associatedalgorithms and its application to increasingly complex
datastructures. Multiple Imputation and its Application: Discusses the issues raised by the analysis
of partiallyobserved data, and the assumptions on which analyses rest. Presents a practical guide to
the issues to consider whenanalysing incomplete data from both observational studies
andrandomized trials. Provides a detailed discussion of the practical use of MI withreal-world
examples drawn from medical and social statistics. Explores handling non-linear relationships and
interactionswith multiple imputation, survival analysis, multilevel multipleimputation, sensitivity
analysis via multiple imputation, usingnon-response weights with multiple imputation and doubly
robustmultiple imputation. Multiple Imputation and its Application is aimed atquantitative
researchers and students in the medical and socialsciences with the aim of clarifying the issues
raised by theanalysis of incomplete data data, outlining the rationale for MIand describing how to
consider and address the issues that arise inits application.
  statistical analysis with missing data: Your Statistical Consultant Rae R. Newton, Kjell Erik
Rudestam, 2013 How do you bridge the gap between what you learned in your statistics course and
the questions you want to answer in your real-world research? Oriented towards distinct questions
in a How do I? or When should I? format, Your Statistical Consultant is the equivalent of the expert
colleague down the hall who fields questions about describing, explaining, and making
recommendations regarding thorny or confusing statistical issues. The book serves as a compendium
of statistical knowledge, both theoretical and applied, that addresses the questions most frequently
asked by students, researchers and instructors. Written to be responsive to a wide range of inquiries
and levels of expertise, the book is flexibly organized so readers can either read it sequentially or
turn directly to the sections that correspond to their concerns.
  statistical analysis with missing data: The Prevention and Treatment of Missing Data in
Clinical Trials National Research Council, Division of Behavioral and Social Sciences and
Education, Committee on National Statistics, Panel on Handling Missing Data in Clinical Trials,
2010-12-21 Randomized clinical trials are the primary tool for evaluating new medical interventions.
Randomization provides for a fair comparison between treatment and control groups, balancing out,
on average, distributions of known and unknown factors among the participants. Unfortunately,
these studies often lack a substantial percentage of data. This missing data reduces the benefit
provided by the randomization and introduces potential biases in the comparison of the treatment
groups. Missing data can arise for a variety of reasons, including the inability or unwillingness of
participants to meet appointments for evaluation. And in some studies, some or all of data collection
ceases when participants discontinue study treatment. Existing guidelines for the design and
conduct of clinical trials, and the analysis of the resulting data, provide only limited advice on how to
handle missing data. Thus, approaches to the analysis of data with an appreciable amount of missing
values tend to be ad hoc and variable. The Prevention and Treatment of Missing Data in Clinical
Trials concludes that a more principled approach to design and analysis in the presence of missing
data is both needed and possible. Such an approach needs to focus on two critical elements: (1)
careful design and conduct to limit the amount and impact of missing data and (2) analysis that
makes full use of information on all randomized participants and is based on careful attention to the
assumptions about the nature of the missing data underlying estimates of treatment effects. In
addition to the highest priority recommendations, the book offers more detailed recommendations



on the conduct of clinical trials and techniques for analysis of trial data.
  statistical analysis with missing data: Classification, Clustering, and Data Mining
Applications David Banks, Leanna House, Frederick R. McMorris, Phipps Arabie, Wolfgang A. Gaul,
2011-01-07 This volume describes new methods with special emphasis on classification and cluster
analysis. These methods are applied to problems in information retrieval, phylogeny, medical
diagnosis, microarrays, and other active research areas.
  statistical analysis with missing data: Analysis of Incomplete Multivariate Data J.L.
Schafer, 1997-08-01 The last two decades have seen enormous developments in statistical methods
for incomplete data. The EM algorithm and its extensions, multiple imputation, and Markov Chain
Monte Carlo provide a set of flexible and reliable tools from inference in large classes of
missing-data problems. Yet, in practical terms, those developments have had surprisingly little
impact on the way most data analysts handle missing values on a routine basis. Analysis of
Incomplete Multivariate Data helps bridge the gap between theory and practice, making these
missing-data tools accessible to a broad audience. It presents a unified, Bayesian approach to the
analysis of incomplete multivariate data, covering datasets in which the variables are continuous,
categorical, or both. The focus is applied, where necessary, to help readers thoroughly understand
the statistical properties of those methods, and the behavior of the accompanying algorithms. All
techniques are illustrated with real data examples, with extended discussion and practical advice. All
of the algorithms described in this book have been implemented by the author for general use in the
statistical languages S and S Plus. The software is available free of charge on the Internet.
  statistical analysis with missing data: Missing Data in Longitudinal Studies Michael J.
Daniels, Joseph W. Hogan, 2008-03-11 Drawing from the authors' own work and from the most
recent developments in the field, Missing Data in Longitudinal Studies: Strategies for Bayesian
Modeling and Sensitivity Analysis describes a comprehensive Bayesian approach for drawing
inference from incomplete data in longitudinal studies. To illustrate these methods, the authors
employ
  statistical analysis with missing data: Applied Missing Data Analysis in the Health Sciences
Xiao-Hua Zhou, Chuan Zhou, Danping Lui, Xaiobo Ding, 2014-05-19 Applied Missing Data Analysis in
the Health Sciences A modern and practical guide to the essential concepts and ideas for analyzing
data with missing observations in the field of biostatistics With an emphasis on hands-on
applications, Applied Missing Data Analysis in the Health Sciences outlines the various statistical
methods for the analysis of missing data. The authors acknowledge the limitations of established
techniques and provide newly-developed methods with concrete applications in areas such as causal
inference. Organized by types of data, chapter coverage begins with an overall introduction to the
existence and limitations of missing data and continues into techniques for missing data inference,
including likelihood-based, weighted GEE, multiple imputation, and Bayesian methods. The book
subsequently covers cross-sectional, longitudinal, hierarchical, survival data. In addition, Applied
Missing Data Analysis in the Health Sciences features: Multiple data sets that can be replicated
using SAS®, Stata®, R, and WinBUGS software packages Numerous examples of case studies to
illustrate real-world scenarios and demonstrate applications of discussed methodologies Detailed
appendices to guide readers through the use of the presented data in various software environments
Applied Missing Data Analysis in the Health Sciences is an excellent textbook for
upper-undergraduate and graduate-level biostatistics courses as well as an ideal resource for health
science researchers and applied statisticians.
  statistical analysis with missing data: Missing Data Patrick E. McKnight, Katherine M.
McKnight, Souraya Sidani, Aurelio José Figueredo, 2007-03-28 While most books on missing data
focus on applying sophisticated statistical techniques to deal with the problem after it has occurred,
this volume provides a methodology for the control and prevention of missing data. In clear,
nontechnical language, the authors help the reader understand the different types of missing data
and their implications for the reliability, validity, and generalizability of a study’s conclusions. They
provide practical recommendations for designing studies that decrease the likelihood of missing



data, and for addressing this important issue when reporting study results. When statistical
remedies are needed--such as deletion procedures, augmentation methods, and single imputation
and multiple imputation procedures--the book also explains how to make sound decisions about their
use. Patrick E. McKnight's website offers a periodically updated annotated bibliography on missing
data and links to other Web resources that address missing data.
  statistical analysis with missing data: Missing Data Paul D. Allison, 2024-05-08 Sooner or
later anyone who does statistical analysis runs into problems with missing data in which information
for some variables is missing for some cases. Why is this a problem? Because most statistical
methods presume that every case has information on all the variables to be included in the analysis.
Using numerous examples and practical tips, this book offers a nontechnical explanation of the
standard methods for missing data (such as listwise or casewise deletion) as well as two newer (and,
better) methods, maximum likelihood and multiple imputation. Anyone who has been relying on
ad-hoc methods that are statistically inefficient or biased will find this book a welcome and
accessible solution to their problems with handling missing data.
  statistical analysis with missing data: Handbook of Statistical Modeling for the Social and
Behavioral Sciences G. Arminger, Clifford C. Clogg, M.E. Sobel, 2013-06-29 Contributors thoroughly
survey the most important statistical models used in empirical reserch in the social and behavioral
sciences. Following a common format, each chapter introduces a model, illustrates the types of
problems and data for which the model is best used, provides numerous examples that draw upon
familiar models or procedures, and includes material on software that can be used to estimate the
models studied. This handbook will aid researchers, methodologists, graduate students, and
statisticians to understand and resolve common modeling problems.
  statistical analysis with missing data: Clinical Trials with Missing Data Michael O'Kelly,
Bohdana Ratitch, 2014-02-14 This book provides practical guidance for statisticians, clinicians, and
researchers involved in clinical trials in the biopharmaceutical industry, medical and public health
organisations. Academics and students needing an introduction to handling missing data will also
find this book invaluable. The authors describe how missing data can affect the outcome and
credibility of a clinical trial, show by examples how a clinical team can work to prevent missing data,
and present the reader with approaches to address missing data effectively. The book is illustrated
throughout with realistic case studies and worked examples, and presents clear and concise
guidelines to enable good planning for missing data. The authors show how to handle missing data
in a way that is transparent and easy to understand for clinicians, regulators and patients. New
developments are presented to improve the choice and implementation of primary and sensitivity
analyses for missing data. Many SAS code examples are included – the reader is given a toolbox for
implementing analyses under a variety of assumptions.
  statistical analysis with missing data: A Guide to the Scientific Career Mohammadali M.
Shoja, Anastasia Arynchyna, Marios Loukas, Anthony V. D'Antoni, Sandra M. Buerger, Marion Karl,
R. Shane Tubbs, 2020-01-09 A concise, easy-to-read source of essential tips and skills for writing
research papers and career management In order to be truly successful in the biomedical
professions, one must have excellent communication skills and networking abilities. Of equal
importance is the possession of sufficient clinical knowledge, as well as a proficiency in conducting
research and writing scientific papers. This unique and important book provides medical students
and residents with the most commonly encountered topics in the academic and professional lifestyle,
teaching them all of the practical nuances that are often only learned through experience. Written
by a team of experienced professionals to help guide younger researchers, A Guide to the Scientific
Career: Virtues, Communication, Research and Academic Writing features ten sections composed of
seventy-four chapters that cover: qualities of research scientists; career satisfaction and its
determinants; publishing in academic medicine; assessing a researcher’s scientific productivity and
scholarly impact; manners in academics; communication skills; essence of collaborative research;
dealing with manipulative people; writing and scientific misconduct: ethical and legal aspects;
plagiarism; research regulations, proposals, grants, and practice; publication and resources; tips on



writing every type of paper and report; and much more. An easy-to-read source of essential tips and
skills for scientific research Emphasizes good communication skills, sound clinical judgment,
knowledge of research methodology, and good writing skills Offers comprehensive guidelines that
address every aspect of the medical student/resident academic and professional lifestyle Combines
elements of a career-management guide and publication guide in one comprehensive reference
source Includes selected personal stories by great researchers, fascinating writers, inspiring
mentors, and extraordinary clinicians/scientists A Guide to the Scientific Career: Virtues,
Communication, Research and Academic Writing is an excellent interdisciplinary text that will
appeal to all medical students and scientists who seek to improve their writing and communication
skills in order to make the most of their chosen career.
  statistical analysis with missing data: Multiple Imputation for Nonresponse in Surveys
Donald B. Rubin, 2009-09-25 Demonstrates how nonresponse in sample surveys and censuses can be
handled by replacing each missing value with two or more multiple imputations. Clearly illustrates
the advantages of modern computing to such handle surveys, and demonstrates the benefit of this
statistical technique for researchers who must analyze them. Also presents the background for
Bayesian and frequentist theory. After establishing that only standard complete-data methods are
needed to analyze a multiply-imputed set, the text evaluates procedures in general circumstances,
outlining specific procedures for creating imputations in both the ignorable and nonignorable cases.
Examples and exercises reinforce ideas, and the interplay of Bayesian and frequentist ideas presents
a unified picture of modern statistics.
  statistical analysis with missing data: An Introduction to Statistical Learning Gareth
James, Daniela Witten, Trevor Hastie, Robert Tibshirani, Jonathan Taylor, 2023-08-01 An
Introduction to Statistical Learning provides an accessible overview of the field of statistical
learning, an essential toolset for making sense of the vast and complex data sets that have emerged
in fields ranging from biology to finance, marketing, and astrophysics in the past twenty years. This
book presents some of the most important modeling and prediction techniques, along with relevant
applications. Topics include linear regression, classification, resampling methods, shrinkage
approaches, tree-based methods, support vector machines, clustering, deep learning, survival
analysis, multiple testing, and more. Color graphics and real-world examples are used to illustrate
the methods presented. This book is targeted at statisticians and non-statisticians alike, who wish to
use cutting-edge statistical learning techniques to analyze their data. Four of the authors co-wrote
An Introduction to Statistical Learning, With Applications in R (ISLR), which has become a mainstay
of undergraduate and graduate classrooms worldwide, as well as an important reference book for
data scientists. One of the keys to its success was that each chapter contains a tutorial on
implementing the analyses and methods presented in the R scientific computing environment.
However, in recent years Python has become a popular language for data science, and there has
been increasing demand for a Python-based alternative to ISLR. Hence, this book (ISLP) covers the
same materials as ISLR but with labs implemented in Python. These labs will be useful both for
Python novices, as well as experienced users.
  statistical analysis with missing data: Statistical Analysis with Missing Data Roderick J. A.
Little, Donald B. Rubin, 2019-03-19 An up-to-date, comprehensive treatment of a classic text on
missing data in statistics The topic of missing data has gained considerable attention in recent
decades. This new edition by two acknowledged experts on the subject offers an up-to-date account
of practical methodology for handling missing data problems. Blending theory and application,
authors Roderick Little and Donald Rubin review historical approaches to the subject and describe
simple methods for multivariate analysis with missing values. They then provide a coherent theory
for analysis of problems based on likelihoods derived from statistical models for the data and the
missing data mechanism, and then they apply the theory to a wide range of important missing data
problems. Statistical Analysis with Missing Data, Third Edition starts by introducing readers to the
subject and approaches toward solving it. It looks at the patterns and mechanisms that create the
missing data, as well as a taxonomy of missing data. It then goes on to examine missing data in



experiments, before discussing complete-case and available-case analysis, including weighting
methods. The new edition expands its coverage to include recent work on topics such as
nonresponse in sample surveys, causal inference, diagnostic methods, and sensitivity analysis,
among a host of other topics. An updated “classic” written by renowned authorities on the subject
Features over 150 exercises (including many new ones) Covers recent work on important methods
like multiple imputation, robust alternatives to weighting, and Bayesian methods Revises previous
topics based on past student feedback and class experience Contains an updated and expanded
bibliography The authors were awarded The Karl Pearson Prize in 2017 by the International
Statistical Institute, for a research contribution that has had profound influence on statistical theory,
methodology or applications. Their work has been no less than defining and transforming. (ISI)
Statistical Analysis with Missing Data, Third Edition is an ideal textbook for upper undergraduate
and/or beginning graduate level students of the subject. It is also an excellent source of information
for applied statisticians and practitioners in government and industry.
  statistical analysis with missing data: Python Data Science Handbook Jake VanderPlas,
2016-11-21 For many researchers, Python is a first-class tool mainly because of its libraries for
storing, manipulating, and gaining insight from data. Several resources exist for individual pieces of
this data science stack, but only with the Python Data Science Handbook do you get them
all—IPython, NumPy, Pandas, Matplotlib, Scikit-Learn, and other related tools. Working scientists
and data crunchers familiar with reading and writing Python code will find this comprehensive desk
reference ideal for tackling day-to-day issues: manipulating, transforming, and cleaning data;
visualizing different types of data; and using data to build statistical or machine learning models.
Quite simply, this is the must-have reference for scientific computing in Python. With this handbook,
you’ll learn how to use: IPython and Jupyter: provide computational environments for data scientists
using Python NumPy: includes the ndarray for efficient storage and manipulation of dense data
arrays in Python Pandas: features the DataFrame for efficient storage and manipulation of
labeled/columnar data in Python Matplotlib: includes capabilities for a flexible range of data
visualizations in Python Scikit-Learn: for efficient and clean Python implementations of the most
important and established machine learning algorithms
  statistical analysis with missing data: The SAGE Handbook of Quantitative Methods in
Psychology Roger E Millsap, Alberto Maydeu-Olivares, 2009-08-05 `I often... wonder to myself
whether the field needs another book, handbook, or encyclopedia on this topic. In this case I think
that the answer is truly yes. The handbook is well focused on important issues in the field, and the
chapters are written by recognized authorities in their fields. The book should appeal to anyone who
wants an understanding of important topics that frequently go uncovered in graduate education in
psychology' - David C Howell, Professor Emeritus, University of Vermont Quantitative psychology is
arguably one of the oldest disciplines within the field of psychology and nearly all psychologists are
exposed to quantitative psychology in some form. While textbooks in statistics, research methods
and psychological measurement exist, none offer a unified treatment of quantitative psychology. The
SAGE Handbook of Quantitative Methods in Psychology does just that. Each chapter covers a
methodological topic with equal attention paid to established theory and the challenges facing
methodologists as they address new research questions using that particular methodology. The
reader will come away from each chapter with a greater understanding of the methodology being
addressed as well as an understanding of the directions for future developments within that
methodological area. Drawing on a global scholarship, the Handbook is divided into seven parts:
Part One: Design and Inference: addresses issues in the inference of causal relations from
experimental and non-experimental research, along with the design of true experiments and
quasi-experiments, and the problem of missing data due to various influences such as attrition or
non-compliance. Part Two: Measurement Theory: begins with a chapter on classical test theory,
followed by the common factor analysis model as a model for psychological measurement. The
models for continuous latent variables in item-response theory are covered next, followed by a
chapter on discrete latent variable models as represented in latent class analysis. Part Three:



Scaling Methods: covers metric and non-metric scaling methods as developed in multidimensional
scaling, followed by consideration of the scaling of discrete measures as found in dual scaling and
correspondence analysis. Models for preference data such as those found in random utility theory
are covered next. Part Four: Data Analysis: includes chapters on regression models, categorical data
analysis, multilevel or hierarchical models, resampling methods, robust data analysis, meta-analysis,
Bayesian data analysis, and cluster analysis. Part Five: Structural Equation Models: addresses topics
in general structural equation modeling, nonlinear structural equation models, mixture models, and
multilevel structural equation models. Part Six: Longitudinal Models: covers the analysis of
longitudinal data via mixed modeling, time series analysis and event history analysis. Part Seven:
Specialized Models: covers specific topics including the analysis of neuro-imaging data and
functional data-analysis.
  statistical analysis with missing data: Forecasting: principles and practice Rob J
Hyndman, George Athanasopoulos, 2018-05-08 Forecasting is required in many situations. Stocking
an inventory may require forecasts of demand months in advance. Telecommunication routing
requires traffic forecasts a few minutes ahead. Whatever the circumstances or time horizons
involved, forecasting is an important aid in effective and efficient planning. This textbook provides a
comprehensive introduction to forecasting methods and presents enough information about each
method for readers to use them sensibly.
  statistical analysis with missing data: Applied Bayesian Modeling and Causal Inference from
Incomplete-Data Perspectives Andrew Gelman, Xiao-Li Meng, 2004-09-03 This book brings together
a collection of articles on statistical methods relating to missing data analysis, including multiple
imputation, propensity scores, instrumental variables, and Bayesian inference. Covering new
research topics and real-world examples which do not feature in many standard texts. The book is
dedicated to Professor Don Rubin (Harvard). Don Rubin has made fundamental contributions to the
study of missing data. Key features of the book include: Comprehensive coverage of an imporant
area for both research and applications. Adopts a pragmatic approach to describing a wide range of
intermediate and advanced statistical techniques. Covers key topics such as multiple imputation,
propensity scores, instrumental variables and Bayesian inference. Includes a number of applications
from the social and health sciences. Edited and authored by highly respected researchers in the
area.
  statistical analysis with missing data: Progress in Pattern Recognition, Image Analysis,
Computer Vision, and Applications Alvaro Pardo, Josef Kittler, 2015-10-24 This book constitutes the
refereed proceedings of the 20th Iberoamerican Congress on Pattern Recognition, CIARP 2015, held
in Montevideo, Uruguay, in November 2015. The 95 papers presented were carefully reviewed and
selected from 185 submissions. The papers are organized in topical sections on applications on
pattern recognition; biometrics; computer vision; gesture recognition; image classification and
retrieval; image coding, processing and analysis; segmentation, analysis of shape and texture;
signals analysis and processing; theory of pattern recognition; video analysis, segmentation and
tracking.
  statistical analysis with missing data: Federal Statistics, Multiple Data Sources, and Privacy
Protection National Academies of Sciences, Engineering, and Medicine, Division of Behavioral and
Social Sciences and Education, Committee on National Statistics, Panel on Improving Federal
Statistics for Policy and Social Science Research Using Multiple Data Sources and State-of-the-Art
Estimation Methods, 2018-01-27 The environment for obtaining information and providing statistical
data for policy makers and the public has changed significantly in the past decade, raising questions
about the fundamental survey paradigm that underlies federal statistics. New data sources provide
opportunities to develop a new paradigm that can improve timeliness, geographic or subpopulation
detail, and statistical efficiency. It also has the potential to reduce the costs of producing federal
statistics. The panel's first report described federal statistical agencies' current paradigm, which
relies heavily on sample surveys for producing national statistics, and challenges agencies are
facing; the legal frameworks and mechanisms for protecting the privacy and confidentiality of



statistical data and for providing researchers access to data, and challenges to those frameworks
and mechanisms; and statistical agencies access to alternative sources of data. The panel
recommended a new approach for federal statistical programs that would combine diverse data
sources from government and private sector sources and the creation of a new entity that would
provide the foundational elements needed for this new approach, including legal authority to access
data and protect privacy. This second of the panel's two reports builds on the analysis, conclusions,
and recommendations in the first one. This report assesses alternative methods for implementing a
new approach that would combine diverse data sources from government and private sector
sources, including describing statistical models for combining data from multiple sources; examining
statistical and computer science approaches that foster privacy protections; evaluating frameworks
for assessing the quality and utility of alternative data sources; and various models for implementing
the recommended new entity. Together, the two reports offer ideas and recommendations to help
federal statistical agencies examine and evaluate data from alternative sources and then combine
them as appropriate to provide the country with more timely, actionable, and useful information for
policy makers, businesses, and individuals.
  statistical analysis with missing data: Structural Equation Modeling Gregory R. Hancock,
Ralph O. Mueller, 2013-03-01 Sponsored by the American Educational Research Association's
Special Interest Group for Educational Statisticians This volume is the second edition of Hancock
and Mueller’s highly-successful 2006 volume, with all of the original chapters updated as well as
four new chapters. The second edition, like the first, is intended to serve as a didactically-oriented
resource for graduate students and research professionals, covering a broad range of advanced
topics often not discussed in introductory courses on structural equation modeling (SEM). Such
topics are important in furthering the understanding of foundations and assumptions underlying
SEM as well as in exploring SEM, as a potential tool to address new types of research questions that
might not have arisen during a first course. Chapters focus on the clear explanation and application
of topics, rather than on analytical derivations, and contain materials from popular SEM software.
  statistical analysis with missing data: Principles and Practice of Clinical Trials Steven
Piantadosi, Curtis L. Meinert, 2022-07-19 This is a comprehensive major reference work for our
SpringerReference program covering clinical trials. Although the core of the Work will focus on the
design, analysis, and interpretation of scientific data from clinical trials, a broad spectrum of clinical
trial application areas will be covered in detail. This is an important time to develop such a Work, as
drug safety and efficacy emphasizes the Clinical Trials process. Because of an immense and growing
international disease burden, pharmaceutical and biotechnology companies continue to develop new
drugs. Clinical trials have also become extremely globalized in the past 15 years, with over 225,000
international trials ongoing at this point in time. Principles in Practice of Clinical Trials is truly an
interdisciplinary that will be divided into the following areas: 1) Clinical Trials Basic Perspectives 2)
Regulation and Oversight 3) Basic Trial Designs 4) Advanced Trial Designs 5) Analysis 6) Trial
Publication 7) Topics Related Specific Populations and Legal Aspects of Clinical Trials The Work is
designed to be comprised of 175 chapters and approximately 2500 pages. The Work will be oriented
like many of our SpringerReference Handbooks, presenting detailed and comprehensive expository
chapters on broad subjects. The Editors are major figures in the field of clinical trials, and both have
written textbooks on the topic. There will also be a slate of 7-8 renowned associate editors that will
edit individual sections of the Reference.
  statistical analysis with missing data: Applied Longitudinal Data Analysis for Epidemiology
Jos W. R. Twisk, 2013-05-09 A practical guide to the most important techniques available for
longitudinal data analysis, essential for non-statisticians and researchers.
  statistical analysis with missing data: Principles of Data Mining and Knowledge Discovery
Jan Zytkow, Jan Rauch, 1999-09-01 This book constitutes the refereed proceedings of the Third
European Conference on Principles and Practice of Knowledge Discovery in Databases, PKDD'99,
held in Prague, Czech Republic in September 1999. The 28 revised full papers and 48 poster
presentations were carefully reviewed and selected from 106 full papers submitted. The papers are



organized in topical sections on time series, applications, taxonomies and partitions, logic methods,
distributed and multirelational databases, text mining and feature selection, rules and induction, and
interesting and unusual issues.
  statistical analysis with missing data: Statistical Rethinking Richard McElreath, 2018-01-03
Statistical Rethinking: A Bayesian Course with Examples in R and Stan builds readers’ knowledge of
and confidence in statistical modeling. Reflecting the need for even minor programming in today’s
model-based statistics, the book pushes readers to perform step-by-step calculations that are usually
automated. This unique computational approach ensures that readers understand enough of the
details to make reasonable choices and interpretations in their own modeling work. The text
presents generalized linear multilevel models from a Bayesian perspective, relying on a simple
logical interpretation of Bayesian probability and maximum entropy. It covers from the basics of
regression to multilevel models. The author also discusses measurement error, missing data, and
Gaussian process models for spatial and network autocorrelation. By using complete R code
examples throughout, this book provides a practical foundation for performing statistical inference.
Designed for both PhD students and seasoned professionals in the natural and social sciences, it
prepares them for more advanced or specialized statistical modeling. Web Resource The book is
accompanied by an R package (rethinking) that is available on the author’s website and GitHub. The
two core functions (map and map2stan) of this package allow a variety of statistical models to be
constructed from standard model formulas.
  statistical analysis with missing data: Statistical and Methodological Myths and Urban
Legends Charles E. Lance, Charles E Lance, Robert J Vandenberg, 2010-10-18 This book provides an
up-to-date review of commonly undertaken methodological and statistical practices that are
sustained, in part, upon sound rationale and justification and, in part, upon unfounded lore. Some
examples of these methodological urban legends, as we refer to them in this book, are characterized
by manuscript critiques such as: (a) your self-report measures suffer from common method bias; (b)
your item-to-subject ratios are too low; (c) you can’t generalize these findings to the real world; or
(d) your effect sizes are too low. Historically, there is a kernel of truth to most of these legends, but
in many cases that truth has been long forgotten, ignored or embellished beyond recognition. This
book examines several such legends. Each chapter is organized to address: (a) what the legend is
that we (almost) all know to be true; (b) what the kernel of truth is to each legend; (c) what the
myths are that have developed around this kernel of truth; and (d) what the state of the practice
should be. This book meets an important need for the accumulation and integration of these
methodological and statistical practices.
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