Statistics 504 -- The Role of Statistical Concepts in Guiding and Enhancing Academic Research
Department of Statistics, Summer Quarter 2007

4 Credit Hours

Thomas A. Bishop

Rationale

This course is intended to introduce Undergraduate Honors, Masters and Ph. D. level students to the role of statistical concepts, theory and methods in research from the perspective of scientific method. Statistical education for non-statisticians traditionally emphasizes methods and arithmetical techniques. Academic research can be enhanced by exposing students to philosophy of science and to the logic, and logistics, of experimentation and research prior to the commencement of their research activities. The goal of this course is to better prepare OSU students for their research experience.  

Course Overview

This course explores the contributions, and limitations, of statistical concepts, theory and methods to academic research within the context of philosophy of science and scientific method. Students will review the history of science and statistics as it relates to modern methods of research, and they will be introduced to current views on scientific method. The students will review fundamental statistical concepts as they relate to their research activities, and they will be exposed to the distinction between enumerative and analytic studies. Practical considerations related to research activities will be addressed including: methods of enumerative and analytic problem formulation, translation of research questions and hypotheses into statistical terms, design of surveys, design of experiments, measurement system evaluation techniques and the efficient design and management of research databases.

Topics

· Introduction

· The justification for the role of statistics in academic research

· Challenges to prevailing wisdom

· Motivating examples

· A Brief History of Philosophy, Logic and Science

· The three great phases in the development of philosophy and science
· The problem with inherited orthodoxy

· Advancements in logic and scientific reasoning 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

· 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

· Operational definitions

· Sampling designs

· The concepts of main effects, interactions and confounding

· The problem of extrapolation and the quantification of risk

· The Theory of General Cause Systems of Variation
· General cause systems of variation

· Constant cause systems of variation

· The concept of rational subgrouping

· 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 on reducing statistical uncertainty

· The distinction between statistical significance and practical significance

· Enumerative and Analytic problem formulation
· Problem formulation

· Stating the research goals and objectives

· Stating the research questions and creating research hypotheses

· Translating the research hypotheses into statistical terms

· The Design of Surveys - Questions for People
· Defining the experimental units
· Defining the population
· Defining the sampling frame
· Defining the sampling units
· Design of the survey instrument
· Validation of the survey instrument
· Sampling design
· The concept of rational subgrouping applied to surveys
· Design of Experiments - Questions for Nature

· Basic components to the experimental program

· Treatment design analysis

· Experimental - Sampling design analysis

· Response design analysis

· Basic statistical concepts related to the design of experiments

· The concept of rational subgrouping applied to designed experiments

· Analysis of variance and other methods of statistical analysis

· Evaluating the Measurement System
· Questions regarding measurements

· Inadequate measurement units

· Significant digits

· Consistency and bias

· Interpreting measurements

· The design of basic measurement system evaluation studies

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

· The concept of records

· The concept of variables versus values

· The concept of data formats

· Data entry

· Quality control - checking for errors

· Problems with spreadsheets

Prerequisites

Elementary Statistics (Stat 135) or any of the following courses: Stat 125, 145,
245; Econ 442; Ed-T&P 786; Mol Gen 650; Polit Sc 685; Psych 220, 510;
Soc Work 570, 571; or equivalent or permission of the instructor
Evaluation
· 20% Homework

· 40% Midterm

· 40% Final Exam
· 90%-100% A

· 80%-90% B

· 70%-80% C

· 60%-70% D

· <60% F
Computing

Minimal computing will be required, but knowledge of Minitab would be helpful.
Required Textbook

Class notes will be available as a course packet in the bookstores.
Supplemental Material

Ladyman, James (2002) "Understanding Philosophy of Science", Routledge.

Special Accommodations

Any student who feels they may need an accommodation based on the impact of a disability should contact the instructor privately to discuss your specific needs. You should also contact the Office of Disability Services (292-3307) in 150 Pomerene Hall to coordinate reasonable accommodations for students with documented disabilities.

Academic Misconduct

Please help us to maintain an academic environment of mutual respect, fair treatment, and personal growth. You are expected to produce original and independent work for quizzes and exams. Although students are often encouraged to work together on homework assignments, all students must submit their own written work in their own words. Academic misconduct will not be tolerated and will be dealt with procedurally in accordance with University Rule 3335-31-02. (This policy can be found at http://oaa.osu.edu/procedures/1.0.html.)
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