IBIS432/ Stat 332-0  Statistics for Life Sciences        Spring 2018  
TuTh 11:00PM - 12:20PM
Course Syllabus
Objectives 



This is a practical statistics course with emphasis on the application of statistical methods and data analysis techniques to the life sciences. We will cover topics including descriptive statistics, normal distribution, random variables, sampling distribution, confidence intervals, hypothesis tests, p-values and multiple correction, linear regression, model selection, diagnostics, logistic regression, contingency tables, resampling, clustering, dimension reduction, and genomics data analysis.  
In addition to classical parametric statistics (e.g., two-sample t-test), we will also cover nonparametric approaches (e.g., rank-based test) and resampling based approaches (e.g., permutation test) when data do not fit assumptions required by the standard approaches. By the end of the quarter, students should be able to (1) formulate statistical questions for a life science question; (2) use visualization techniques to explore the data; (3) choose the appropriate statistical methods and justify the choice; (4) perform data analysis using R programming; (5) describe and present the data analysis results. 
Instructor

Hongmei Jiang, Ph.D.




Department of Statistics 



Room 101A , 2006 Sheridan Road 




Phone: 467-1087   Email: hongmei@northwestern.edu 

Office hours: Tuesday and Thursday 12:30pm- 1:30pm or by appointment
TA


Yiben Yang YibenYang2015@u.northwestern.edu 
Department of Statistics 



2006 Sheridan Road 



Office hours: Monday 10am -12pm or by appointment
Class Info 

Course website on canvas: https://canvas.northwestern.edu/
Homework assignments, lecture notes, and grades will be posted on this website. 


Textbook     
1) Samuel, ML, Witmer, JA, and Schaffner AA. Statistics for the Life Sciences, 5th ed., 2016 (Required) 

2) Sinha, PP. Bioinformatics with R Cookbook, 2014 (Recommended)
Prerequisites               
An introduction to Statistics course. 

Computing               
Statistical software, R (RStudio) will be used for computing. R programming examples will be provided to help make the connection between statistical methods and implementation. 




(1) Free software R from CRAN:  http://www.r-project.org/



(2) RStudio: http://www.rstudio.com/ 

Homework                
Homework will be assigned weekly or biweekly (about 7 assignments). No late homework will be accepted unless you request for extension with the instructor before the deadline. 

All homework must be turned in electronically as plain text or pdf files with R codes as appendix.
Exams  
One take home midterm exam (Thursday May 3).
Project
One final group project with (1) report due by 12pm on Tuesday June 12 and (2) in-class presentation on Thursday May 31 and Tuesday June 5. 
Re-grading
For re-grading, please attach a new piece of paper to the front of the work to be re-graded, and write down a detailed explanation of the suspected error. 
Final Grade               
Homework (40%) and midterm (30%) and final project (30%). 

A:   [94, 100]; 

A-: [90, 94);

B+: [87, 90);
            B:  [84, 87);         B-: [80, 84);




C+: [77, 80);
            C:  [74, 77);         C-: [70, 74);




D:   [60, 70);
            F: < 60.
Topics (tentative): 
1. Introduction to R and Bioconductor

2. Introduction to Statistics; Reproducible Research; Descriptive statistics and displaying data
3. Probability and random variables; Binomial distribution, Normal distribution; Sampling distribution; Central Limit Theorem

4. Confidence intervals; Hypothesis tests; What is a p-value? Six principles of p-values from the American Statistical Association (ASA) statement
5. Statistical inference for means: One sample, two samples, paired samples, t-tests, non-parametric tests, bootstrap the mean, permutation tests

6. One-way ANOVA, two-way ANOVA

7. More on p-values: multiple correction, Bonferroni correction, FDR; frequentist versus Bayesian approaches
8. Tests for proportion, contingency tables, Fisher’s exact test, chi-squared test

9. Correlation, linear regression, model selection, diagnostics for outliers and model assumptions, Logistic regression 

10. Data mining methods: clustering, classification, and dimension reduction

11. Genomic data analysis: gene expression, gene set analysis, RNA-seq, GWAS

12. Final project and presentation
Final Project Instructions

1. Course project is required for every student in this class.

2. Each group consists of 2~3 students. 

3. If you have been working on a research project you are welcome to use your research project. Otherwise, publicly available datasets, e.g., https://archive.ics.uci.edu/ml/datasets.html  or datasets from published papers can be used. GEO
4. Each team should (1) formulate statistical questions for a real-life problem; (2) use visualization techniques to explore the data; (3) choose the appropriate statistical methods and justify the choice; (4) perform statistical analysis using R programming; (5) describe and present the data analysis results; (6) prepare a report written in the format of a scientific paper; and (7) give a presentation. 
5. Each team should form the group and identify the potential project of interest by Tuesday May 1, 2018. It is okay if you do not know how to analyze the dataset by this time. We will talk about related statistical data analysis in class. 

6. Each team will have about 5 minutes to discuss about the project and the corresponding types of data on Tuesday May 8.
7. In-class presentation will be on Thursday May 31 and Tuesday June 5.
8. The report needs to be submitted to canvas by 12pm on Tuesday June 12. Each group submits one copy only.
9. Both report and presentation will be evaluated.
10. Timeline (tentative):

	By May 1, 2018
	Form group and identify the project

	May 8, 2018
	Brief introduction to the project

	May 31, 2018
	Presentation

	June 5, 2018
	Presentation

	June 12, 2018
	Report due


Presentation:

· Each group will have totally ? minutes for presentation (including 5 minutes for questions and discussions). 
· The format and structure of the presentations are similar to the report. Please carefully arrange your presentation flow and practice in advance. 
· In-class presentation will be on Thursday May 31 and Tuesday June 5.
Report:

· The report should be written in the format of a scientific paper. 

· The report format should be single-spaced and about 3~5 pages (figures, tables, and references included). 
· R codes need to be attached as appendix.
· The report needs to be submitted to canvas by 12pm on Tuesday June 12. 
Submission:

· Both presentation slides and report need to be submitted on canvas. 

· Each group only needs to submit one copy.
Some Important Notes

Accessibility

Any student requesting accommodations related to a disability or other condition must register with AccessibleNU and provide the instructor with an accommodation notification from AccessibleNU, preferably within the first two weeks of class. All information will remain confidential. For more information, see http://www.northwestern.edu/accessiblenu/, or call (847) 467-5530.

Academic Integrity

Suspected violations of academic integrity will be reported to the Dean's Office. 

For more information on Northwestern's academic integrity policies, see http://www.weinberg.northwestern.edu/handbook/integrity/. 

Sexual Misconduct and Reporting

Northwestern University is committed to fostering an environment where students are safe and free from sexual misconduct. Confidential resources are available to those who have experienced sexual misconduct. See 

http://www.northwestern.edu/sexual-misconduct/get-help/confidential-support.html. 

Faculty and instructors are not confidential resources and are required to report incidents of sexual misconduct, whether discussed in your assignments or in person, to the Title IX Coordinator, who can provide information about resources and options. I encourage students who have experienced sexual misconduct to talk with someone to get support. 

For more information, including how to request interim protective measures and academic accommodations or file a complaint, see the Get Help page at http://www.northwestern.edu/sexual-misconduct/get-help/index.html. 

Discrimination and Sexual Harassment

Northwestern University's Policies on Discrimination, Harassment, and Sexual Harassment apply to all members of the University community, including students, staff, and faculty. 

Any student, staff, or faculty member who believes that he or she has been discriminated against or harassed on the basis of his or her race, color, religion, national origin, sex, sexual orientation, gender identity, gender expression, parental status, marital status, age, disability, citizenship, veteran status, genetic information or any other classification protected by law, should contact the Office of Equal Opportunity and Access at (847) 491-7458 or the Sexual Harassment Prevention Office at (847) 467-6571. 

Additional information about the University's discrimination and harassment policies, including the campus resources available to assist individuals with discrimination or harassment concerns, is available online on the Human Resources Equal Opportunity and Access website. 

Visit http://www.northwestern.edu/hr/equlopp-access/index.html. 
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