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Stat 604 Syllabus
The Role of Statistical Concepts and Methods in Guiding and Enhancing Academic Research

· An Age of Research

· The justification for the role of statistics in academic research

· Challenges to prevailing wisdom

· Motivating examples

· Aristotelian Science

· Why philosophy of science and the study of logic are so important to academic researchers

· The Aristotelian albatross

· Scientific advancements since the renaissance

· Philosophy of Science and Scientific Method
· Epistemology - The theory of knowledge

· Understanding philosophy of science

· The demarcation problem

· Deductive versus inductive logic

· Scientific method

· Naïve inductivism - Francis Bacon

· The theory of falsification - Karl Popper

· The Duhem problem

· The theory of scientific revolutions - Thomas Kuhn

· Is there a crisis in science?

· The context of discovery and the context of justification
· Fundamental Statistical Concepts within the Context of Scientific Method
· The axiom of variation
· The distinction between enumerative and analytic studies

· The description of enumerative studies

· The description of analytic studies

· How to distinguish between enumerative and analytic studies
· Operational definitions

· Sampling designs

· Random samples

· Convenience samples

· Judgment samples

· The problem of extrapolation and the quantification of risk
· The definition of extrapolation

· The relationship between extrapolation and risk in enumerative and analytic studies
· The Theory of General Cause Systems of Variation

· The axiom of variation

· General cause systems of variation
· Constant cause systems of variation
· Basic Statistical Theory for Constant Cause Systems of Variation
· The concept of a population

· The concept of the mean

· The concept of the standard deviation

· The concept of the three sigma limits of variation

· Estimation versus hypothesis Testing

· The effect of the sample size

· The distinction between statistical significance and practical significance

· The relationship between probability calculations and risk

· Enumerative and Analytic problem formulation

· The analysis protocol

· Problem formulation

· Stating the research goals and objectives

· Stating the research questions and creating research hypotheses

· Translating the research hypotheses into statistical terms

· The distinction between research hypotheses and statistical hypotheses

· Response design analysis

· Definition of response variables

· Definition of measurement units

· Treatment design analysis

· Defining the key factors

· Defining the levels of the factors

· Defining the treatment combinations

· Experimental - Sampling Design

· Characterization of the experimental units and subunits

· Method of allocation of treatments to the experimental units

· Evaluation of the measurement system

· The Design of Surveys
· Defining the experimental units
· Defining the population
· Defining the sampling units
· Defining the sampling frame
· Design of the survey instrument
· Validation of the survey instrument
· Sampling design
· Simple random sample
· Stratified random sample
· Cluster sampling
· Systematic sampling
· Design of Experiments - Surveys of Nature
· Basic components to the experimental program

· Treatment design analysis

· Defining the key factors

· Defining the levels of the factors

· Defining the treatment combinations

· Experimental - Sampling Design

· Characterization of the experimental units and subunits

· Method of allocation of treatments to the experimental units

· Completely randomized design

· Randomized complete block design

· Latin square design

· Split-plot design

· Covariate design

· Response design

· Definition of response variables

· Definition of measurement units

· The measurement system

· Evaluation of the measurement system

· Basic statistical concepts related to the design of experiments

· Main effects

· Interaction effects

· Confounding

· The concept of rational subgrouping

· The Efficient Design of Research Databases
· The various types of research databases

· The concept of records

· The concept of variables versus values

· Concept of data formats

· Data entry

· Checking for errors

· The problem with spreadsheets
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