B10200
Biological Data Analysis
Draft Course Syllabus
Term Year
Class Time Mon, 1-hour period (Lecture)

Wed, 1-hour period (Lecture)
Thu, 3-hour period (Computer Lab)

Class Location TBD

Instructor David Murray-Stoker
Office Location TBD

Office Hours TBD (Hybrid)

Email Address dstoker92@gmail.com

Course Overview

You will learn the fundamentals of biological data analysis through a combination of lectures, computer
labs using R, and a research project. The course will begin with a foundation in hypothesis testing,
experimental design, and interpreting results. It will then take you from correlation, linear regression, and
multiple regression to analysis of variance and mixed-effect models. You will apply your knowledge of
these concepts and analyze biological data. Additionally, you will build a proficiency in using R for data
management and analysis in addition to graphical presentation of data. No prerequisite programming
experience is required.

Learning Objectives
As you participate and engage in the course, you will be able to:
e Build a strong foundation in statistical concepts and best practices.

e Develop biological and statistical reasoning.

e Analyze data and interpret results from case studies.

e Complete a research project that addresses a research question using statistical analyses.

e Communicate the relevance of the statistical methods and results from the project.
Coursework

You should expect to complete 12-15 hours of study and work each week for this course, including time
spent in lecture and lab. In other words, there will be ~7-10 hours of work outside of lectures and
computer labs for you to complete the readings and course assignments. The course schedule is at the end
of the syllabus, but the table below highlights the assignments and their weight towards your final grade.

Type Description Due Date Weight
Reflections Reflection on the lecture and computer lab (5 total) Ongoing 10%
Computer Labs Practical application of lecture material to biological data Weekly 40%

(best of 10, 11 total)
Project Proposal Proposed data and research question and hypotheses; TBD 10%
proposal to be submitted in week 6
Project Presentation 15-minute presentation summarizing the research project TBD 20%
Project Report Report detailing the statistical methods from the research TBD 20%
project
Total 100%
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Notes on Coursework

Reflections (10%): You will complete 4 reflections on the lecture topic and computer lab (~250-500
words, more if desired). These reflections will have directed prompts to guide your reflection, but there
will also be an open field for you to expand on any component. You only need to submit 5 reflections, so
you can choose from the list of topics and content on the course schedule below.

Computer Labs (40%): Computer labs are most important component of this course. In the computer labs,
you will learn essential skills for data management and presenting results. Additionally, you will develop
proficiency and confidence when conducting statistical analyses. Detailed outlines for each computer lab
will be posted on the course website.

Project Proposal (10%): In week 6, you will submit a project proposal describing which of the provided
datasets you would like to analyze. You will also submit the main research question(s) or hypotheses you
would like to test with the data. I will then return your proposal with feedback and advice on potential
statistical analyses you could use.

Project Presentation (20%): You will give a 15-minute presentation that briefly describes the research
question/hypotheses, statistical analyses, and results from the analyses.

Project Report (20%): You will write a report detailing the statistical methods and results from your
project. Detailed assignment instructions will be provided on the course website, but the report will
consist of: (1) a description of the statistical methods, (2) why the test(s) were appropriate for your
question(s) or hypotheses and your data, (3) report of how the data management and analysis was
conducted, and (4) results of the study using a combination of text, tables, and figures. Reports will be
written using R Markdown, and all code and summary reports will be submitted for the final report.

Course Resources
Chapter Readings: Chapter readings will be uploaded to the course website at the start of the term.
Reading the posted chapters before attending and engaging in class is essential.

In addition to the chapter readings, these books are great resources:

Hector, Andy. 2021. The New Statistics with R: An Introduction for Biologists. Oxford University Press.

Touchoun, J. C. 2021. Applied Statistics with R: A Practical Guide for the Life Sciences. Oxford
University Press.

Supplemental Readings

If you would like to supplement the chapter readings with a textbook, I recommend the following:

Quinn, G. P., and M. J. Keough. 2002. Experimental Design and Data Analysis for Biologists. Cambridge
University Press.

Reading Assignments: Papers for the assigned readings will be posted to the course website at the
beginning of the term. Each assigned reading is associated with a specific lecture and lab topic (see the
course schedule below).

Technology: You will need access to a device (e.g., laptop, tablet) with internet access for lecture
activities, email correspondence, using the course website, and completing assignments. You are also
encouraged to use a laptop or equivalent device with Microsoft Office installed (software subscription
included with your university/college email) or use Google Docs to complete the coursework. If you do
not have reliable access to the internet and/or a suitable device, please contact me so we can find a
positive solution.

B10200 Biological Data Analysis (Draft Syllabus) 2



R Statistical Software: R is a flexible, powerful, open-source program for statistical analysis that runs on
all operating systems. R should be downloaded and installed before the first lecture. You can download R
by following this link: https://cran.r-project.org/. I will provide an instructional video on the course
website to demonstrate the installation process.

RStudio: RStudio is a graphical user interface that helps to write code and analyze data. RStudio also
allows for easy writing of scripts R Markdown files, which will be used to illustrate some concepts in
lecture. You can download RStudio by following this link: https://posit.co/download/rstudio-desktop/ . I
will provide an instructional video on the course website to demonstrate the installation process and user
interface.

Citation Manager: I highly encourage the use of Zotero for reading papers and formatting citations for
your final project. Zotero is free software for up to 300 MB of storage, which is plenty of space for
BI0200. I use Zotero for reading scientific papers and managing citations when writing my own papers. |
will provide an instructional video on the course website to demonstrate the installation process, and I
will also show how Zotero can be used in Microsoft Word and exported for use in R Markdown. You can
download Zotero from here: https://www.zotero.org/.

Evaluation

We will be using the ‘ungrading’ approach to all evaluations rather than traditional grading
systems. Evaluation and assessment will be more of a conversation between you and me, and we are able
to do this through a combination of feedback and reflection. Below I will expand on the evaluation for
each type of coursework and how ungrading will be applied.

Reflections (10%): Lecture reflections are designed for you to articulate what you learned from the
lecture and computer lab. I will provide comments and feedback on each reflection, offering advice,
clarification, and encouragement as appropriate. I will also be using these reflections to help identify
common challenges, misconceptions, or misunderstandings, so it is important that reflections also discuss
challenging topics. Reflections will be evaluated for addressing the directed reflection prompts, and I will
provide notes and feedback for you to review and reflect upon.

Computer Labs (40%): Each computer lab is designed to develop your proficiency in R and your ability
and confidence to conduct statistical analyses. Computer labs will be related to lecture content presented
that week, with analyses applied to case studies across ecology, evolution, and biomedical fields.
Computer labs must be submitted in both the R Markdown script file and the rendered summary report
documenting the analyses and results. Each computer lab will be due by the end of the weekend (i.e.,
11:59 PM on Sunday night). I will return your completed lab assignment with feedback, noting areas
where you did well and pointing out areas for improvement and growth.

Project Proposal (10%): By the end of week 6, you will submit a proposal with the dataset you will use
and the questions and/or hypotheses you want to address. I will provide feedback and guidance on the
potential statistical analyses you may want to use, but the decision will ultimately be made by you.
Proposals will be evaluated for completion.

Project Presentation (20%): The presentation will be a 15-minute presentation (plus 5 minutes for any
questions) on your project. The core checklist for the presentation will be posted on the course website. |
will evaluate you presentation based on the core checklist and provide feedback. You will use this
feedback to complete your self-evaluation, in addition to my written feedback.
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Project Report (20%): You will select a dataset, develop your own research questions and/or hypotheses,
and then analyze those data. The project report will (1) provide an overview of the dataset, (2) list the
research questions, hypotheses, and/or predictions, (3) describe the statistical methods, (4) present the
results of the statistical analyses, and (5) interpret the statistical and biological relevance of the results;
detailed instructions and a general core checklist will be provided on the course website. The project
report will be due before presentation beings in week 15. I will evaluate your report based on the core
checklist and provide feedback. You will use this feedback and complete your self evaluation.

Final ‘Grade’: At the end of the semester, you will use all of your completed work and learning to assign
yourself a letter grade. You will write a narrative statement to discuss your learning and support your
chosen grade. You should not expect to receive a grade on any assignments, but you should expect to
conduct frequent self-reflection and receive feedback from me throughout the course. My goal is to help
you learn and grow without fear of making mistakes or being penalized as you try something new.

As the course instructor, I reserve the right to change the grade you assigned. Based on previous
experience, this typically means I increase student grades. I will notify you of any grade increase and
provide my reasoning. In the unlikely situation where I feel the grade you assigned is too high, we will
arrange a meeting to discuss our positions and come to an agreement.

Teaching Methods

BI0O200 is an active learning class where you are part of the learning process. You are expected to
come to class ready to engage in the material by participating in lecture activities, collaborating with your
peers, and applying the concepts learned to case studies. Learning can also bring about discomfort, and
I will be challenging you in this course. I will challenge you because I know we all have the potential
to grow and learn.

Ungrading is central to this course. While ungrading does require work from both you and me, that work
has lasting benefits beyond any single lecture or discussion. I want to help you learn about and have fun
with building data literacy, but [ am also here to help you grow as a learner. Through the process of
ungrading, we will stress less on any grade and focus more on learning.

BI0200 is designed to build a strong conceptual understanding and the ability to conduct the
appropriate statistical analyses using R. We will not be focusing on the mathematics underlying the
statistics, but the broader meanings and applications.

Lectures: Lectures will expand on aspects of the assigned readings by going into great depth and applying
knowledge to case studies and examples. You are responsible for reading the assigned readings before
class to get the most out of the lectures. All lectures will be recorded and posted to the course website
within 24 hours.

Computer Labs: You will build your proficiency and confidence when using R by working through the
computer labs. You will also have your instructor and peers to help as you work through case studies and
apply different statistical analyses.

Time Management and Learning Practices

If you find you are struggling with time management or keeping up with the material, please come to
office hours or we can schedule a private, one-on-one meeting. You may also talk to your academic
advisor or go to the Academic Skills Center for guidance and advice on time management and effective
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learning practices. I know that every student can succeed in this course, but sometimes the learning
environment and support systems just need to be restructured to make that happen.

Procedures and Policies

Email Policy: The official method of correspondence with students is through their academic e-mail
accounts. It is the student's responsibility to keep his/her/their academic e-mail account active and check
it on a regular basis.

To help me better respond to emails, please include BIO200 in the subject line and then your student
number either in the text or signature of your email. I also ask for patience when responding to emails. I
will try to respond as quickly as possible but give me at least 24 hours to respond to any message. I likely
will not respond to emails over the weekend, but I will aim to respond to by 5 PM the following Monday.

Attendance and Participation: Attendance is essential for your learning, as is your participation in active
learning during lectures and paper discussions. I will not take attendance during lecture, but attendance
will be taken during computer labs.

Absences: Absences from lectures and computer labs should be communicated to me by email before that
class period is over. For an absence to be excused, it must meet university/college-approved and beyond-
your-control criteria. Absences beyond university/college guidelines may be excused on a case-by-case
basis.

Religious Observance: You are encouraged to observe and express your religious identity. I will make
accommodations to allow any student to observe their religious practices without penalty. Please look at
the course schedule below and let me know if there are any potential conflicts. Accommodations do not
absolve students of responsibility for the coursework, but they can result in extensions.

Extensions: If you require an extension to complete an assignment due to injury, illness, or accessibility,
please let me know as soon as possible and preferably at least 24 hours advance of the due date.
Extensions beyond accessibility and illness will be granted on a case-by-case basis.

Academic Integrity

University/College statement on academic integrity.
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Course Schedule

Week Lecture Readings Computer Lab

1 Syllabus & Why Data Literacy Matters Syllabus Introduction to R

2 Research Questions & Hypothesis Testing Chapter 1 Description & Estimation

3 Experimental Design Chapter 2 Data Management in the tidyverse
-Amrhein et al. 2017
-Kennedy-Shaffer 2019

4 Interpretation of Results Chapter 3 Data Visualization
-Mulff et al. 2022
-Berner & Amrhein 2022

5 Moving Forward with Best Practices Wasserstein & Lazar 2016 Project Proposal
Wasserstein et al. 2019

6 Correlation & Regression Chapter 4 Linear Regression

7 Model Selection Chapter 5 Multiple Regression and Model Selection
-Grueber et al. 2011
-Laubach et al. 2021

8 ANOVA Chapter 6 Simple & Complex ANOVAs

9 ANCOVA Chapter 7 ANCOVA

10 Linear Mixed-Effects Models Chapter 8 Linear Mixed-Effects Models
-Harrison et al. 2018
-Silk et al. 2020

11 Generalized Linear Mixed-Effects Models Chapter 9 Generalized Linear Mixed-Effects Models

12 Synthesis & Concept Mapping Chapter 10 Group Project Work

13 Group Project Work Chapter 11 Group Presentations

14 Group Presentations Group Presentations

15 Final Exams

B10200 Biological Data Analysis (Draft Syllabus)




Reading List

Amrhein, V., F. Korner-Nievergelt, and T. Roth. 2017. The Earth is flat (p > 0.05): significance thresholds
and the crisis of unreplicable research. Peer] 5:e3544.

Berner, D., and V. Amrhein. 2022. Why and how we should join the shift from significance testing to
estimation. Journal of Evolutionary Biology 35:777-787.

Grueber, C. E., S. Nakagawa, R. J. Laws, and I. G. Jamieson. 2011. Multimodel inference in ecology and
evolution: challenges and solutions. Journal of Evolutionary Biology 24:699—711.

Harrison, X. A., L. Donaldson, M. E. Correa-Cano, J. Evans, D. N. Fisher, C. E. D. Goodwin, B. S.
Robinson, D. J. Hodgson, and R. Inger. 2018. A brief introduction to mixed effects modelling and
multi-model inference in ecology. Peer] 6:¢4794.

Kennedy-Shaffer, L. 2019. Before p < 0.05 to beyond p < 0.05: using history to contextualize p-values
and significance testing. The American Statistician 73:82-90.

Laubach, Z. M., E. J. Murray, K. L. Hoke, R. J. Safran, and W. Perng. 2021. A biologist’s guide to model
selection and causal inference. Proceedings of the Royal Society B: Biological Sciences
288:20202815.

Muff, S., E. B. Nilsen, R. B. O’Hara, and C. R. Nater. 2022. Rewriting results sections in the language of
evidence. Trends in Ecology and Evolution 37:203-210.

Silk, M. J., X. A. Harrison, and D. J. Hodgson. 2020. Perils and pitfalls of mixed-effects regression
models in biology. Peer] 8:€9522.

Wasserstein, R. L., and N. A. Lazar. 2016. The ASA statement on p-values: context, process, and purpose.
The American Statistician 70:129-133.

Wasserstein, R. L., A. L. Schirm, and N. A. Lazar. 2019. Moving to a world beyond “p < 0.05.” The
American Statistician 73:1-19.

B10200 Biological Data Analysis (Draft Syllabus) 7



