SEAS COURSE DESCRIPTION for ENM375
	Course Number & Title
	ENM375: Biological Data Science I – Fundamentals of Biostatistics

	Credit Units
	1 CU (3 semester hours)

	Class/Laboratory Schedule
	Lecture: 3 hrs/week (Tues/Thurs 12:00-1:30pm in Stiteler B26)

	Instructors
	Jennifer E. Phillips-Cremins, PhD 

	TAs
	SENIOR HOMEWORK/CODING TA #1:  Nanthini Balasubramanian (nanthini@seas.upenn.edu)
HOMEWORK/CODING TA #2: Jasmine Wang (jaswang@seas.upenn.edu)
PROJECT TA #1: Nicole Chiou (nicchiou@seas.upenn.edu)
PROJECT TA #2: Ryan Nguyen (ryannguy@seas.upenn.edu)

	Office Hours
	Professor Phillips-Cremins (304 Hayden): Tuesdays and Thursdays: 1:30-2pm by appointment directly after class
SENIOR HOMEWORK/CODING TA:  Nanthini Balasubramanian - 2-3 PM Wednesday, Levine 5th floor bump space
HOMEWORK/CODING TA #2: Jasmine Wang - 4:30 to 5:30 PM Thursdays in Towne 217 (Active Learning Center)
PROJECT TA #1: Nicole Chiou - 1:30 to 2:30 PM Monday in Towne 217 (Active Learning Center)
PROJECT TA #2: Ryan Nguyen -  2-3 PM Wednesday in Skirkanich Greenberg Lounge

Python tutorial 1:  TBD date/location – 4th week of January in evening (led by Nanthini/Jasmine)
Python tutorial 2:  TBD date/location – 5th week of January in evening (led by Nanthini/Jasmine)

	Prerequisites
	None.

	Course Satisfies
(check only one)
	[   ] Math
[   x] Science
[  x ] Engineering
[   x] Technical Elective
[    ] TBS

	Text(s)/Required Materials
	The Analysis of Biological Data, Whitlock and Schluter, 2nd Edition. 

	Catalog Description
	The goal of this course is to equip bioengineering undergraduates with fundamental concepts in applied probability, exploratory data analysis and statistical inference. Students will learn statistical principles in the context of solving biomedical research problems.  

	Topics Covered
	The purpose of this course is to provide students with skills to analyze and interpret small and large biological data set. Fundamentals in statistics will be taught through the use of homework problems, case studies and projects focused on computational analysis of biological data. Topics covered include: populations and samples; random variables; discrete and continuous probability distributions; exploratory data analysis; descriptive statistics (mean, standard deviation, median, variance, quantiles); confidence intervals; expectations; variances; central limit theorem; independence; hypothesis testing; fitting probability models; p-values; goodness-of-fit tests; correlation coefficients; non-parametric tests; ANOVA; linear regression; bootstrapping; and maximum likelihood estimation.

	Course Objectives and Relationship to Program Education Objectives

	The knowledge in statistical principles imparted through this course will enable bioengineering students to critically analyze and interpret small and large biological data sets. Objectives include:
(1) To learn statistical methods for exploratory data analysis
(2) To encourage students to think about biology probabilistically 
(3) To format, summarize, explore, stratify, and visualize biological data
(4) To understand the basic tenants of probability and statistical inference
(5) To formulate null and alternative hypotheses
(6) To learn how to generate and interpret p-values
(7) To estimate parameters and quantify uncertainty for different types of biological data
(8) To assess statistical significance from a random sample of data
Students will conduct a variety of analytical tasks using the R programming languages and real world data sets. 

	Contribution towards Program Outcomes
	Multidisciplinary Ability – Med
Problem Solving Approach – High
Problem Solving Methods – High
Experimentation – Low
Design – Low
Professional Orientation – Low

	Contribution towards Professional Component
	20% Biomedical Science; 20% Engineering science; 60% Engineering mathematics

	Weekly/Session Schedule
	Week 1:  Introduction to statistics  (JEPC)
Lecture 1:  Tuesday, 1/22/2019 :: Syllabus, Introduction to statistics
Reading: W&S ch. 1
Key concepts: populations; samples; categorical and numerical variables; explanatory and response variables; frequency and probability distributions

Week 2:  Exploratory data analysis and descriptive statistics (JEPC-2)
Lecture 2:  Thursday, 1/24/2019 :: Exploratory data analysis and graphing  (HW1 assigned)
Lecture 3:  Tuesday, 1/29/2019 :: Descriptive statistics; Introduction #1 to python
Reading: W&S ch. 2 and ch. 3
Key concepts: bar graphs, box plots, histograms, scatter plots, mean, median, standard deviation, variance, percentiles, quantiles, interquartile range, proportions

**Homework 1 Covering Ch 1-3 Due Thursday, 1/31/2019 at 11:59pm on canvas. JEPC


Week 3: Probability and Estimating with Uncertainty (JEPC-2)
Lecture 4:  Thursday, 1/31/2019 :: Sampling distributions, Standard Error and Confidence Intervals (HW2 assigned)
Lecture 5:  Tuesday, 2/5/2019 :: Introduction #2 to Python – interactive session
Reading: W&S ch. 4 
Key concepts: standard error, confidence intervals, sampling distributions, error bars, probability, set theory

**Homework 2 Covering Ch 4 Due Friday, 2/8/2019 at 11:59pm on canvas. JEPC

Week 4: Hypothesis Testing (JEPC-2)
Lecture 6:  Thursday, 2/7/2019 :: Probability distributions, set theory, sampling and Bayes’ theorem (HW3 assigned)
Lecture 7:  Tuesday, 2/12/2019 :: Hypothesis Testing:  Null and alternative hypothesis; pvalue; Type I and Type II error; One-sided tests
Reading: W&S and ch. 5.1-5.9 and ch. 6
Key concepts: Venn diagrams, discrete probability distributions, continuous probability distributions, independence, multiplication rule, addition rule, conditional probability, sampling without replacement, Bayes’ theorem, null hypothesis; alternative hypothesis; deciding to reject a hypothesis; test statistics; null distributions; pvalues; type I error; type II error; one-sided tests; statistical significance vs. biological importance

**Homework 3 Covering Ch 5 and Ch 6 Due Friday, 2/15/2019 at 11:59pm on canvas. JEPC 

Week 5: Proportions; Frequencies; Fitting binomial and poisson probability distributions (JEPC-2)
Lecture 8:  Thursday, 2/14/2019 :: Binomial distribution; Agresti-Coull method (HW4 assigned)
Lecture 9:  Tuesday, 2/19/2019 :: correlation vs. causation; X2 goodness of fit tests
Fitting parameters; Goodness-of-fit tests; Poisson distribution and fitting; mean-variance relationship
Reading: W&S ch. 7 and ch. 8.1-8.5 and 8.6-8.8
Key concepts: Deriving the binomial distribution; sampling distributions of proportions; standard error of proportions; confidence intervals of proportions; Agresti-Coull method method; deriving the Poisson distribution; Modeling randomness; mean-variance relationship

**Homework 4 Covering Ch 7 and Ch 8.1-8.8 Due Friday, 2/22/2019 at 11:59pm on canvas. JEPC 

Week 6: Contingency tables and associations between categorical variables (JEPC-2)
Lecture 10:  Thursday, 2/21/2019 :: In class exercise simulating hypothesis testing 
Lecture 11:  Tuesday, 2/26/2019 ::  X2 and Fisher’s Exact Test
Reading: W&S ch. 9
Key concepts: Associating categorical variables; contingency tables; x2 contingency test; degrees of freedom; Fisher’s exact test

**MIDTERM PROJECT DUE :: Saturday, 3/2/2019 at 11:59pm (.pdf copy to Professor Cremins via canvas) JEPC

Week 7: Project work and Spring Break (JEPC; OFF)
Lecture 12: Thursday, 2/28/2019 :: In class mid-term project work period
OFF SPOT:  Tuesday, 3/5/2019 ::  OFF SPRING BREAK 
Reading: None
Key concepts: Review of all concepts leading up to the mid-term project

Week 8: The normal distribution (OFF; JEPC)
OFF SPOT:  Thursday, 3/7/2019 :: OFF SPRING BREAK 
Lecture 13:  Tuesday, 3/12/2019 ::  Normal distribution; central limit theorem; approximating the binomial (short HW5 assigned)
Reading: W&S ch. 10
Key concepts: bell shaped curves; normal distribution; using the standard normal table; central limit theorem; normal approximation to the binomial

**Homework 5 Covering Ch 10 Due Friday, 3/15/2019 at 11:59pm on canvas. JEPC 

Week 9: Statistical testing with the normal distribution (JEPC; Lindsey Fernandez)
Lecture 14:  Thursday, 3/14/2019 :: Statistical inference for normal data; t-tests; confidence intervals (HW6 assigned)

Lecture 15:  Tuesday, 3/19/2019 ::  Comparing two means and two-sample tests 
Reading: W&S ch. 11 and ch. 12
Key concepts: t-distribution; confidence intervals; one-sample t-tests; estimating normal distribution parameters comparison of two means; paired t-test; two-sample t-test; using correct sampling units; comparing variances with the F-test

**Homework 6 Covering Ch 11-12 Due Friday 3/22/2019 at 11:59pm on canvas. JEPC

Week 10: Nonparametric tests (Lindsey Fernandez, JEPC)
Lecture 16:  Thursday, 3/21/2019 :: Detecting deviations from normality, data transformations (HW7 assigned)
Lecture 17:  Tuesday, 3/26/2019 ::  Non-parametric tests part II
Reading: W&S ch. 13
Key concepts: Deviations from normality; tests of normality; data transformations; Non-parametric tests, 

**Homework 7 Covering Ch 13 Due Friday, 3/29/2019 at 11:59pm on canvas. JEPC
**OPTIONAL MIDTERM PROJECT REVISION DUE :: Due Friday, 3/29/2019 at 11:59pm on canvas. JEPC

Week 11: Analysis of Variance (JEPC-2)
Lecture 18:  Thursday, 3/28/2019 :: Parametric and nonparametric correlation coefficients; Covariance (HW8 assigned)
Lecture 19:  Tuesday, 4/2/2019 ::  ANOVA Part I and II
Reading: W&S ch. 15 and ch. 16
Key concepts: Parametric and nonparametric correlation coefficients; Covariance comparing means of more than two groups; ANOVA; sum of squares; variance ratio; R2 variation explained

**Homework 8 Covering Ch 15 & 16 Due Friday, 4/5/2019 at 11:59pm on canvas. JEPC 

Week 12: Linear Regression (JEPC-2)
Lecture 20: Thursday, 4/4/2019 :: Linear Regression part I  (HW9 assigned)
Lecture 21:  Tuesday, 4/9/2019 ::  Linear Regression part II
Reading: W&S ch. 17.1-17.7
Key concepts: method of least squares; formula for a line; slope; intercept; predicted values; residuals; confidence intervals for slope; R2 to measure fit of a line 

Week 13: Non-Linear and Logistic Regression, (JEPC, Thomas Gilgenast)
Lecture 22:  Thursday, 4/11/2019 :: Nonlinear and logistic regression
Lecture 23:  Tuesday, 4/16/2019 ::  Nonlinear and logistic regression (JEPC in the UK)
Reading: W&S ch. 17.8-17.11 
Key concepts: detecting nonlinearity and unequal variance; nonlinear regression; quadratic curves; logistic regression with a binary response variable

**Homework 9 Covering Ch 17 Due Friday, 4/19/2019 at 11:59pm on canvas. JEPC

 Week 14: Simulations/bootstrapping  (JEPC-2)
Lecture 24:  Thursday, 4/18/2019 :: Simulations and Bootstrapping Part I
Lecture 25:  Tuesday, 4/23/2019 ::  Simulations and Bootstrapping Part II
Reading: W&S ch 19
Key concepts: bootstrapping; permutations; hypothesis testing using simulation; confidence intervals with bootstrapping

**Homework 10 Covering Ch 19 (in class exercise) Due Friday, 4/26/2019 at 11:59pm on canvas. JEPC
**FINAL PROJECT DUE :: Sunday, 4/28/2019 at 2:59pm in canvas

Week 15: Research Discussion (JEPC-2)
Lecture 26:  Thursday, 4/25/2019 :: Final Project coding group coding session – JEPC available to answer questions
Lecture 27:  Tuesday, 4/30/2019 ::  JEPC research presentation and JEOPARDY: What test should we use?
Reading: None
Key concepts: research applications of big data and biostatistics

**OPTIONAL FINAL PROJECT REVISION DUE :: Wednesday 5/8/2019 at 11:59pm on canvas


	Grading Details
	10% In class discussion contributions and attendance (monitored discretely throughout the semester)
[bookmark: _GoBack]*The lowest in-class exercise will be dropped from your grade
30% Homework (10 homework sets, drop the lowest homework score)
30% Midterm Project
        (If choosing revision option, 15% will be drawn from initial submission and 15% will be drawn from revision)
30% Final Project
        (If choosing revision option, 15% will be drawn from initial submission and 15% will be drawn from revision)
The final letter grade will also consider non-numerical assessments of your command of the subject matter as evaluated by Professor Cremins.

	Submission Requirements
	Homework and project documents should be handed in via canvas on due date by 11:59pm (typed and printed; no emails). Projects should also be assembled into a .pdf file and uploaded to canvas. 

	Late Homework Policy
	**Late Homework will graded as a 0** 
**When requesting a regrade – the entire homework will be regraded, so consider possibility that grade could increase or decrease depending on outcome of careful review*

	Late Project Policy
	Late projects will lose 20% of their graded value for each 24 hour period they are late.

	Course Accommodations
	Students may request accommodation based on religious creed, disabilities, and other special circumstances.  Please discuss your request with Professor Phillips-Cremins via email or office hours.

	Attendance and Absences
	Attendance at lectures is required and in-class contributions to the discussion count towards the final grade as indicated above.  Planned absences must be arranged in advance with Professor Phillips-Cremins.  For serious illness that causes a student to miss a HW assignment, which is not communicated well in advance to the professor, a note from Student Health Service will be required.  

	Prepared By/Date
	Jennifer Phillips-Cremins / January 20, 2019






