Proposed Syllabus for Biostatistics (301)

(Possible title revision to: Introduction to Data Analysis)

Instructor: Bonnie Ripley

Course Description:  An introduction to data analysis and statistical testing.  This course will prepare students for their upper division courses and independent research by teaching them the basics of hypothesis testing and the most common statistical tests used in biology.  It will also cover basic experimental design, teach students how to use Excel for simple statistical tests, and introduce students to modern nonparametric tests. 

The course is designed as a 3 unit course meeting three days a week, with most Fridays spent in the computer lab using Excel.  There will be three mid-terms and a final, homework problems, papers to read, and an assignment to design an experiment which will be presented in class.   It is intended for sophomores and will be offered Fall semester.

I have reviewed tables of contents of a number of textbooks, and although I haven’t seen it yet, I plan on using Moore, The Basic Practice of Statistics, which was used the last time Bio 101 was taught at USD. Moore’s text is appealing because it seems to cover the same content I would like to teach, and it comes with electronic data sets that I could use for the Excel exercises. Although I use Biometry by Sokahl and Rolf  for reference, I think it would be too overwhelming for sophomores.

In the course, I plan on emphasizing a solid understanding of hypothesis testing and good habits for data analysis, such as proper replication, graphing data, testing assumptions, and selecting the proper statistical test.  Although the syllabus may seem ambitious, I will only be introducing students to all of these topics, not delving into any unnecessary complications or  mathematical underpinnings.  Furthermore, the topics covered in week 15 could be eliminated if we are running short on time. I want them to leave the class with a respect for using statistical tests to evaluate what we can know about the world, to be able to understand papers, and to be able to properly perform simple tests using Excel.
Introduction to Data Analysis
Week 1 (short)   Introduction to stats:  what is a statistic? a statistical test?

· Concept of hypothesis testing (logic/epistemology)

· Randomization tests/historical development of statistical testing

Week 2   Data: what is it, what to do with it

· Types of variables, accuracy and precision, frequency distributions

· Measures of location and dispersion

· Excel exercise: histograms, and bar and line graphs with error bars

· Paper to read: something with lots of good graphs in it

Week 3 Probability: how we tell what would happen “at random”

· Random sampling, basic rules of probability

· Probability distributions: binomial, Poisson, Student’s t, chi-square, normal distribution

· Excel exercise: tests for normality, transforming data, what distributions of data tell us

Week 4: Hypothesis testing against standard distributions

· Confidence intervals

· Null hypotheses, type I and II errors, alpha-levels, “significance,” p-values

· Power calculation: what should my sample size be?

· Paper to read:  can you identify the hypothesis that the authors were testing??

· EXAM

Week 5: t-tests

· Basic t-testing

· Excel exercise: performing t-tests

Week 6: ANOVA: what is it/how to do it

· Single-classification ANOVA with equal or unequal sample sizes

· Nested design ANOVA

· Excel exercise: Simple ANOVA tests

Week 7: More ANOVA: interpreting results, should I use an ANOVA

· Two-way ANOVA

· Assumptions/What to do if assumptions are violated?

· Excel exercise: More complex ANOVA tests

· Paper to read: something with lots of t-tests and ANOVA tests in it

Week 8: ANCOVA

· Basic ANCOVA, when to use it

· EXAM

Week 9 Linear Regression, what it is, when to use it

· Linear regression models

· Excel exercise: Linear Regression

Week 10  More Regressions, including Curvilinear

· Curvilinear regression

· Re-cap: how do I know whether to use ANOVA, ANCOVA, or regression?

· Paper to read: something using ANCOVA and regression

· Excel exercise: Curvilinear regression

Week 11 Hypothesis testing against distributions generated from your own data

· Randomization tests

· Boot-strapping

· Jackknifing

· Traditional non-parametric tests 

Week 12 (short):

Week 13: Experimental Design: why and how

· Variable selection

· Sample selection

· Test selection

· Reading: Hurlburt, Pseudoreplication paper

Week 14: More Experimental Design

· Students design their own experiments and present in class

1. Hypothesis to test

2. How they will sample

3. What statistical tests they will perform

· EXAM

Week 15 (short): Dealing with messy data

· Outliers

· Large variances/small sample sizes

· Transformation of data

· When to seek help

TAKE-HOME FINAL:  A data set to completely analyze and report results on, with graphs.

