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Working with positive real-numbers brings several advantages: If the estimator of a single parameter has a
positive variance, then the variance and the Fisher information are both positive real numbers; hence they are
members of the convex cone of nonnegative real numbers whose nonzero members have reciprocals in this
same cone. This cone is closed under matrix-matrix addition, under matrix-inversion, and under the
multiplication of positive real-numbers and matrices. An exposition of matrix theory and the Loewner-order
appears in Pukelsheim. See an on-line textbook for practitioners, which has many illustrations and statistical
applications: Retrieved October 15, Model - robust designs including "Bayesian" designs are surveyed by
Chang and Notz. Designs, Models, and the Analysis of Mixture Data third ed. More detailed expositions occur
in the advanced textbook of Pukelsheim and the papers of Kiefer. More advanced discussions occur in the
monograph by Fedorov and Hackl, and the articles by Chaloner and Verdinelli and by DasGupta. Bayesian
designs and other aspects of "model-robust" designs are discussed by Chang and Notz. The Annals of
Mathematical Statistics. Wynn wrote, "the modern theory of optimum design has its roots in the decision
theory school of U. Springer-Verlag and the Institute of Mathematical Statistics. Planning, Analysis, and
Parameter Design Optimization. Optimal designs for "follow-up" experiments are discussed by Wu and
Hamada. Experiment Design and Data Analysis. Identification of Parametric Models from Experimental Data.
Mathematically, such results are associated with Chebyshev polynomials , "Markov systems", and "moment
spaces": See Karlin, Samuel and Shapley, Lloyd With applications in analysis and statistics. The Theory of
canonical moments with applications in statistics, probability, and analysis. Reprinted in Collected Papers v.
Optimum experimental designs, with SAS. Sequential analysis and optimal design. Society for Industrial and
Applied Mathematics. Theory of Optimal Experiments. Model-Oriented Design of Experiments. Lecture
Notes in Statistics. Brown ; Olkin, Ingram ; Sacks, Jerome ; et al. Optimal design of experiments. Classics in
Applied Mathematics. Theory of Optimal Designs. Textbooks for practitioners and students[ edit ] Textbooks
emphasizing regression and response-surface methodology[ edit ] Atkinson, A. Textbooks emphasizing block
designs[ edit ] Optimal block designs are discussed by Bailey and by Bapat.
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Its value to the war effort was immediately recognised, and led to its receiving a "restricted" classification.
Another early contribution to the method was made by K. This work remained secret until the early s.
Therefore, it is important to adjust the alpha level at each interim analysis, such that the overall Type 1 error
rate remains at the desired level. This is conceptually similar to using the Bonferroni correction , but because
the repeated looks at the data are dependent, more efficient corrections for the alpha level can be used. Among
the earliest proposals is the Pocock boundary. Applications of sequential analysis[ edit ] Clinical trials[ edit ]
In a randomized trial with two treatment groups, group sequential testing may for example be conducted in the
following manner: After n subjects in each group, are available, an interim analysis is conducted. That means,
a statistical test is performed to compare the two groups, if the null hypothesis is rejected, the trial is
terminated. Otherwise, the trial continues. Another n subjects per group are recruited. The statistical test is
performed again, including all subjects. If the null is rejected, the trial is terminated. Otherwise, it continues
with periodic evaluations until a maximum number of interim analyses have been performed. At this point, the
last statistical test is conducted, and the trial is discontinued. It is usually considered as a special kind of
statistical method known as change point detection. Often, the step is small and the time series is corrupted by
some kind of noise, and this makes the problem challenging because the step may be hidden by the noise.
When the algorithms are run online as the data is coming in, especially with the aim of producing an alert, this
is an application of sequential analysis. Bias[ edit ] Trials that are terminated early because they reject the null
hypothesis typically overestimate the true effect size. Methods to correct effect size estimates in single trials
have been proposed. One solution is to order the p-values of a series of sequential tests based on the time of
stopping and how high the test statistic was at a given look, which is known as stagewise ordering, [15] first
proposed by Armitage.
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With a strong increase in the number of relevant packages, packages that focus on analysis only and do not
make relevant contributions for design creation are no longer added to this task view. Please feel free to
suggest enhancements, and please send information on new packages or major package updates if you think
they belong here. Contact details are given on my Web page. Experimental design is applied in many areas,
and methods have been tailored to the needs of various fields. This task view starts out with a section on the
historically earliest application area, agricultural experimentation. Subsequently, it covers the most general
packages, continues with specific sections on industrial experimentation, computer experiments, and
experimentation in the clinical trials contexts this section is going to be removed eventually; experimental
design packages for clinical trials will be integrated into the clinical trials task view , and closes with a section
on various special experimental design packages that have been developed for other specific purposes. Of
course, the division into fields is not always clear-cut, and some packages from the more specialized sections
can also be applied in general contexts. You may also notice that my own experience is mainly from industrial
experimentation in a broad sense , which may explain a somewhat biased view on things. Experimental
designs for agricultural and plant breeding experiments Package agricolae is by far the most-used package
from this task view status: It offers extensive functionality on experimental design especially for agricultural
and plant breeding experiments, which can also be useful for other purposes. It supports planning of lattice
designs, factorial designs, randomized complete block designs, completely randomized designs, Graeco- Latin
square designs, balanced incomplete block designs and alpha designs. There are also various analysis facilities
for experimental data, e. Package desplot is made for plotting the layout of agricultural experiments. Package
agridat offers a large repository of useful agricultural data sets. Experimental designs for general purposes
There are a few packages for creating and analyzing experimental designs for general purposes: First of all,
the standard generalized linear model functions in the base package stats are of course very important for
analyzing data from designed experiments especially functions lm , aov and the methods and functions for the
resulting linear model objects. These are concisely explained in Kuhnert and Venables , p. Lawson is a good
introductory textbook on experimental design in R, which gives many example applications. The package is
quite valuable, as many users have difficulties with using the R packages for handling random or mixed
effects. Package granova offers some interesting non-standard graphical representations for results of
simply-structured experiments one-way and two-way layouts, paired data , package ez aims at supporting
intuitive analysis and visualization of factorial experiments based on package "ggplot2". Package AlgDesign
creates full factorial designs with or without additional quantitative variables, creates mixture designs i.
Package skpr also provides optimal designs D, I, A, Alias, G, T, or E optimal ; a selection of the optimality
criteria can also be used for the stepwise creation of split-plot designs. The package can also assess the power
of designs and display diagnostic plots. At the moment October , the algorithms used are not yet documented.
Package OptimalDesign likewise calculates unblocked D-, A-, or I-optimal designs they use "IV-optimal"
instead of "I-optimal" exactly or approximately, treating quantitative variables only, including mixture
designs; this package uses different algorithms e. Atkinson, Donev and Tobias , Harman and Filova , some of
which rely on the availability of the gurobi software http: Package LDOD implements locally D-optimal
designs for some nonlinear and generalized linear models, package designGLMM locally optimal designs for
completely randomized or blocked Poisson models and package PopED provides optimal designs for
nonlinear mixed effect models. There are various further packages that deal with optimal designs of different
types: Further optimal design packages for very specific purposes are listed at the end of this view. Package
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planor allows to generate regular fractional factorial designs with fixed and mixed levels and quite flexible
randomization structures. The packages flexibility comes at the price of a certain complexity and - for larger
designs - high computing time. Package ibd creates and analyses incomplete block designs. Package crossdes
creates and analyses cross-over designs of various types including latin squares, mutually orthogonal latin
squares and Youden squares that can for example be used in sensometrics. Package Crossover also provides
crossover designs; it offers designs from the literature and algorithmic designs, makes use of the functionality
in crossdes and in addition provides a GUI. There is also some functionality for assessing the quality of
orthogonal arrays, related to Groemping and Xu and Groemping , and some analysis functionality with
half-normal effects plots in quite general form Groemping DoE beta version; tutorial available in Groemping ,
which integrates design of experiments functionality into the R-Commander package "Rcmdr", Fox for the
benefit of those R users who cannot or do not want to do command line programming. The role of package
DoE. MIParray creates optimized orthogonal arrays or even supersaturated arrays for factorial experiments.
Arrays created with this package can be used as input to function oa. Note, however, that the package is only
useful in combination with at least one of the commercial optimizers Gurobi R-package gurobi delivered with
the software or Mosek R-package Rmosek downloadable from the vendor an outdated version is on CRAN.
Package dae provides various utility functions around experimental design and R factors, e. Furthermore, the
package provides features for post-processing objects returned by the aov function, e. Package daewr
accompanies the book Design and Analysis of Experiments with R by Lawson and does not only provide data
sets from the book but also some standalone functionality that is not available elsewhere in R, e. It has some
interesting sample size estimation functionality, but is almost unusable without the book the first edition of
which I would not recommend buying. Package blockTools assigns units to blocks in order to end up with
homogeneous sets of blocks in case of too small block sizes; package blocksdesign permits the creation of
nested block structures. There are several packages for determining sample sizes in experimental contexts,
some of them quite general, others very specialized. All of these are mentioned here: Package JMdesign deals
with the power for the special situation of jointly modeling longitudinal and survival data, package PwrGSD
with the power for group sequential designs, package powerGWASinteraction with the power for interactions
in genome wide association studies, package ssizeRNA with sample size for RNA sequencing experiments,
and package ssize. Experimental designs for industrial experiments Some further packages especially handle
designs for industrial experiments that are often highly fractionated, intentionally confounded and have few
extra degrees of freedom for error. Fractional factorial 2-level designs are particularly important in industrial
experimentation. Package FrF2 Groemping is the most comprehensive R package for their creation. It
generates regular Fractional Factorial designs for factors with 2 levels as well as Plackett-Burman type
screening designs. Regular fractional factorials default to maximum resolution minimum aberration designs
and can be customized in various ways, supported by an incorporated catalogue of designs including the
designs catalogued by Chen, Sun and Wu , and further larger designs catalogued in Block and Mee and Xu ;
the additional package FrF2. Analysis-wise, FrF2 provides simple graphical analysis tools normal and
half-normal effects plots modified from BsMD , cf. It can also show the alias structure for regular fractional
factorials of 2-level factors, regardless whether they have been created with the package or not. Fractional
factorial 2-level plans can also be created by other R packages, namely BHH2 and qualityTools but do not use
function pbDesign from version 1. Package ALTopt provides optimal designs for accelerated life testing. It
can generate full and fractional factorial two-level-designs from a number of factors and a list of defining
relations function ffDesMatrix , less comfortable than package FrF2. It also provides several functions for
analyzing data from 2-level factorial experiments: The function anovaPlot assesses effect sizes relative to
residuals, and the function lambdaPlot assesses the effect of Box-Cox transformations on statistical
significance of effects. BsMD provides Bayesian charts as proposed by Box and Meyer as well as effects plots
normal, half-normal and Lenth for assessing which effects are active in a fractional factorial experiment with
2-level factors; package OBsMD provides the functionality for follow- up experiments for resolving
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ambiguities after applying the Bayesian analysis of package BsMD. Package unrepx provides a battery of
methods for the assessment of effect estimates from unreplicated factorial experiments, including many of the
effects plots also present in other packages, but also further possibilities. The small package FMC provides
factorial designs with minimal number of level changes; the package does not take any measures to account
for the statistical implications this may imply. Thus, using this package must be considered very risky for
many experimental situations, because in many experiments some variability is caused by level changes. For
such situations and they are the rule rather than the exception , minimizing the level changes without taking
precautions in the analysis will yield misleading results. Package pid accompanies an online book by Dunn
and also makes heavy use of the Box, Hunter and Hunter book; it provides various data sets, which are mostly
from fractional factorial 2-level designs. Apart from tools for planning and analysing factorial designs, R also
offers support for response surface optimization for quantitative factors cf. Myers and Montgomery Package
rsm supports sequential optimization with first order and second order response surface models central
composite or Box-Behnken designs , offering optimization approaches like steepest ascent and visualization of
the response function for linear model objects. Also, coding for response surface investigations is facilitated.
The small package rsurface provides rotatable central composite designs for which the user specifies the
minimum and maximum of the experimental variables instead of the corner points of the cube. The small
package minimalRSD provides central composite and Box-Behnken designs with minimal number of level
changes; the package does not take any measures to account for the statistical implications this may imply.
Package OptimaRegion provides functionality for inspecting the optimal region of a response surface for
quadratic polynomials and thin-plate spline models and can compute a confidence interval for the distance
between two optima. Package Vdgraph implements a variance dispersion graph Vining for response surface
designs created by package rsm. Packages VdgRsm and vdg provide similar functionality with more variety.
Package qualityTools can also create central composite designs and can visualize response surfaces. In some
industries, mixtures of ingredients are important; these require special designs, because the quantitative factors
have a fixed total. Mixture designs are handled by packages AlgDesign function gen. Occasionally,
supersaturated designs can be useful. The two small packages mkssd and mxkssd provide fixed level and
mixed level k-circulant supersaturated designs. The aforementioned package DoE. MIParray can also provide
small! Experimental designs for computer experiments Computer experiments with quantitative factors
require special types of experimental designs: Also, the experimental region is often too large to assume that a
linear or quadratic model adequately represents the phenomenon under investigation. Consequently, it is
desirable to fill the experimental space with points as well as possible space-filling designs in such a way that
each run provides additional information even if some factors turn out to be irrelevant. The lhs package
provides latin hypercube designs for this purpose. Furthermore, the package provides ways to analyse such
computer experiments with emphasis on what follow-up experiments to conduct. Another package with
similar orientation is the DiceDesign package, which adds further ways to construct space-filling designs and
some measures to assess the quality of designs for computer experiments. The package DiceKriging provides
the kriging methodology which is often used for creating meta models from computer experiments, the
package DiceEval creates and evaluates meta models among others Kriging ones , and the package DiceView
provides facilities for viewing sections of multidimensional meta models. Package simrel allows creation of
designs for computer experiments according to the Multi-level binary replacement MBR strategy by Martens
et al. Package minimaxdesign provides minimax designs and minimax projection designs according to Mak
and Joseph Package tgp is another package dedicated to planning and analysing computer experiments. Here,
emphasis is on Bayesian methods. The package can for example be used with various kinds of surrogate
models for sequential optimization, e. Packages plgp and dynaTree enhance the functionality offered by tgp
with particle learning facilities and learning for dynamic regression trees. Package BatchExperiments is also
designed for computer experiments, in this case specifically for experiments with algorithms to be run under
different scenarios. The package is described in a technical report by Bischl et al. Experimental designs for
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clinical trials This task view only covers specific design of experiments packages which will eventually also
be removed here ; there may be some grey areas. Please, also consult the ClinicalTrials task view.
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15 at around 6 ns appears to be sharper, and the two curves diverge for output times below the normal propagation time
of the ï¬‚ip-ï¬‚op.

Beginning Statistics by Douglas S. Shafer, Zhiyi Zhang - lardbucket. Our motivation for writing it is to
provide a low-cost alternative to many existing popular textbooks on the market. Lilja - University of
Minnesota , The book presents one of the fundamental data modeling techniques in an informal tutorial style.
Learn how to predict system outputs from measured data using a detailed step-by-step process to develop,
train, and test reliable regression models. Examples are taken from ordinary life. The book begins with basic
concepts behind the statistics and never gets harder than simple arithmetic. The course is presented as a series
of key ideas. The basic choice then is between the family of statistics which compares groups, and the family
which studies associations or correlations. There is very little use of formulas. It contains material presented in
textbook format and as video presentations. This resource features interactive demonstrations and simulations,
case studies, and an analysis lab. This book is geared to the high school audience and is specifically tailored to
be aligned with the AP Statistics curriculum. It is already being used by many high schools. Weatherburn Cambridge University Press , This book provides the mathematical foundations of statistics. It explains the
principles, and proves the formulae to give validity to the methods of the interpretation of statistical data. It is
of interest to students of a wide variety of subjects. It is targeted to the typical Statistics college student, and
covers the topics typically covered in the first semester. It will be of interest to anyone interested in causal
inference, e. Including a probability theory background - Wikipedia , Statistics is the study of the collection,
analysis, interpretation, presentation and organization of data. It deals with all aspects of data including the
planning of data collection in terms of the design of surveys and experiments. The purpose of this volume is to
provide some applications of Bayesian optimization and dynamic programming. It assumes no prior
knowledge of statistics, you can read it before your first statistics course. The book focuses on giving the
intuition behind the methods as well as how to execute methods using Microsoft Excel. We will learn about
subjects in modern statistics and some applications of statistics. We will also lay out some of the background
mathematical concepts required to begin studying statistics. Co , The book shifts the emphasis in the study of
statistics in the direction of the consideration of the underlying theory involved in certain important methods
of statistical analysis, and introduces mathematical statistics to a wider range of readers. Shayib - Bookboon ,
The book introduces the concepts, definitions, and terminology of the subject in an elementary presentation
with a mathematical background which does not surpass college algebra. It should prepare the reader to make
a good decision based on data. It covers the standard topics of such a book: Lindsey - Hodder Education
Publishers , Written by a renowned statistician, this book presents the basic ideas behind the statistical
methods commonly used in studies of human subjects. It is an ideal guide for advanced undergraduates who
are beginning to do their own research. Fundamental sampling distributions and data descriptions; One- and
two-sample estimation; Tests of hypotheses; X2-tests; Maximum likelihood estimation; Multiple linear
regression; Nonparametric statistics; Stochastic simulation. I try to make clear what is being calculated, what
assumptions are being made, and to give a derivation of results. Cetinkaya-Rundel - OpenIntro , OpenIntro
Statistics is intended for introductory statistics courses at the high school through university levels. There are a
large selection of exercises at the end of each chapter useful for practice or homework assignments. Seltman Carnegie Mellon University , This book is intended as required reading material for the course Experimental
Design for the Behavioral and Social Sciences, a second level statistics course for undergraduate students in
the College of Humanities and Social Sciences The target audience for this book is college students who are
required to learn statistics, students with little background in mathematics and often no motivation to learn
more. Gentle - George Mason University , This document is directed toward students for whom mathematical
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statistics is or will become an important part of their lives. This is the first and last class in Statistics. It also
covers logic and reasoning at a level suitable for a general course. It is aimed at people who need to
understand statistics, but not develop it as a subject. The typical reader might be a postgraduate student in
health, life, or social science who has no knowledge of statistics. Data are numbers with a context. We must
always keep the meaning of our data in mind. Our emphasis is on graphical methods rather than on formal
testing. The book addresses students of statistics, economics, demography, engineering. Burr - McGraw-Hill ,
The present book is the outgrowth of a course in statistics for engineers which has been given at Purdue
University. The book is written primarily as a text book for junior, senior, and graduate students of
engineering and physical science. Young - McGraw Hill , A concise, highly readable introduction to statistical
methods. Even with a limited mathematics background, readers can understand what statistical methods are
and how they may be used to obtain the best possible results from experimental data. Hardle, Leopold Simar Springer , The authors present multivariate data analysis in a way that is understandable to
non-mathematicians and practitioners confronted by statistical data analysis. The book has a friendly yet
rigorous style. Mathematical results are clearly stated. Many parts of the book feature case studies or examples
with computations from the free downloadable software. Concepts, Models, and Applications by David W.
Stockburger - Missouri State University , The book for a course in multivariate statistics for first year graduate
or advanced undergraduates. It is neither a mathematical treatise nor a cookbook. Instead of complicated
mathematical proofs the author wrote about mathematical ideas. Stockburger - Missouri State University ,
This e-book is a complete interactive study guide with quizzing functionality that reports to the instructor. The
on-line text also has animated figures and graphs that bring the print graphic to life for deeper understanding.
The author has considerable experience of teaching many such people and assumes they know the basics of
statistics but nothing about SPSS, or as it is now known, PASW. This free textbook provides a comprehensive
overview of the main topics in the area of statistic analysis for business and economics. Boes - McGraw-Hill ,
A self contained introduction to classical statistical theory. Wonnacott - Wiley , The popular introduction to
statistics for students of economics or business. Presents an approach that is generally available only in much
more advanced texts, yet uses the simplest mathematics consistent with a sound presentation. Exercises by
David Brink - BookBoon , After reading the theory book about Statistics it is time to test your knowledge to
make sure that you are well prepared for your exam. This free exercise book follows the same structure as the
theory book about Statistics. The focus is overview. The book is intensively examplefied, which give the
reader a recipe how to solve all the common types of exercises. No prior knowledge of statistics is assumed. A
standard first course in probability is a prerequisite, but the first 8 lectures review results that are important in
statistics. Kenny - Little, Brown , This textbook provides a first course in data analysis for students majoring
in the social and behavioral sciences. The book is intended to be comprehensible to students who are not
planning to go on to postgraduate study. The focus is on ideas and concepts, as opposed to technical details of
how to put those ideas into practice. The book focuses on exploratory data analysis, includes chapters on
simulation and linear models. It lays the foundation for further study and development using R. Gentle Springer , This book describes computationally-intensive statistical methods in a unified presentation,
emphasizing techniques that arise in a wide range of methods. The book assumes an intermediate background
in mathematics, computing, and statistics. It presents analytic approaches and statistical methods used in
science, business, industry, and data mining, written for the real-life practitioner of these methods.
Intermediate algebra is the only prerequisite. The book focuses on applications rather than the theory. Our goal
is to introduce the basic theory without getting too involved in mathematical detail. Part 2 is more
mathematical, but the results are explained in such a way that the reader shall gain a general idea of the theory
and applications without mastering the proofs. The book covers probability, distribution and correlation, and
regression.
Chapter 5 : Design and Analysis of Experiments with R - CRC Press Book
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