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Subject/Course/Term BIOL 598

one term

Credit Weight or CEU's 3 credits

Course Activities Schedule Type Hours per week

M - Seminar 3

Total Hours per Week : 3
Total Number of Weeks : 13

Course Title Official Course Title : Advanced Design and
Statistics

Course Title in
Calendar :

Advanced Design and
Statistics

Rationale BIOL 598 is a single course that merges BIOL 596
(Advanced Experimental Design: 1 credit) and 597
(Advanced Biostatistic: 2 credits). Instead of turning
the existing 596 or 597 courses into a 3-credit course, I
would like to create a new course (BIOL 598) and keep
the option of holding BIOL 596 and 597 as separate
courses across different semesters on subsequent
years. This allows for flexibility across years and field
seasons. While it is feasible to offer 596 and 597 in the
same semester, this can make evaluation of the
students and the instructors cumbersome.

Responsible Instructor

Course Description This course will address issues related to experimental
design and multivariate statistical analysis. The first
third of the course will focus on experimental design,
and the remainder of the course will focus on
multivariate approaches to data analysis. The course
is designed to inform students on best practices to
analytically address their experimental questions.
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Prerequisites BIOL 373 and permission of Instructor
Web Registration Blocked? : N

Corequisites

Restrictions Not open to students who have taken or are taking
BIOL 596 and/or BIOL 597

Supplementary Calendar Info This course is equivalent to taking BIOL 596
and BIOL 597

1.

Additional Course Charges

Campus Downtown

Projected Enrollment 15

Requires Resources Not
Currently Available

N

Explanation for Required
Resources

Required Text/Resources
Sent To Library?

Library Consulted About
Availability of Resources?

Consultation Reports
Attached?

Effective Term of
Implementation

201501

File Attachments BIOL598_syllabus.pdf View

To be completed by the
Faculty
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Advanced Design & Biostatistics 
BIOL 598 (3 credits) 
Time: T, TH 9:30-11:00 
Location: TBD 
Professor: Jon Sakata (ph: 3636; jon.sakata@mcgill.ca) 
Office Hours: by appointment 
 
Course registration and prerequisites: 
Prior instruction (e.g., BIOL 373) in statistics and consent of instructors is required.  Space is 
limited to 15 students. 
 
Course Syllabus for BIOL 598 
 
These courses are designed for graduate students and upper-level undergraduates planning for 
data collection and in the midst of data analysis. The first four weeks focuses on experimental 
design and is designed to help students with the specific challenges that they are facing (or will 
be facing) in their own research. The remaining eight weeks will focus on data analysis, in 
particular multivariate statistics and will help students analyze their own data. The goal of the 
course is to provide students with a broad overview of the range of statistical tools available 
rather than in-depth explanations of a few specific methods and will be focused on concepts 
over implementation (though I will address implementation as much as possible). The course 
will consist of formal lectures, critiques of scientific papers, homework assignments, and student 
presentations. 
 
Readings will be primarily from Gotelli & Ellison, 2012, A primer in ecological statistics.  This 
book is well written and very accessible.  It covers topics in experimental design as well as 
multivariate statistics.  These readings will be supplemented with PDFs posted on myCourses. 
 
TENTATIVE COURSE SCHEDULE 
Dates Topics Responsible/Readings 
Sept 6  -Introduction to professor, students (i.e., brief presentation 

of their research questions), and the course 
-Principles of experimental design: Statistical populations, 
Randomization, Confounding, Replication, Block and 
Hierarchical designs 
-Example of one-page summary of experimental design 

Sakata 
Chapters 3, 4,& 6 

Sept 13 -Principles of experimental design: Block and Hierarchical 
designs, Nesting, Repeated Measures, Sample Size and 
Power 
-Example of presentation of experimental design 

Sakata 
Chapter 6 & 7 

Sept 20 -Student presentation of own experimental design Students 
Sept 27 -Student presentation of own experimental design Students 
Oct 4 -ANOVA and regression models, ANCOVA Sakata 

Chapters 8, 9 & 10 
Oct 11 -MANOVA, Repeated Measures ANOVA, multivariate 

regression 
-Ordination (e.g., principal components analysis, 
multidimensional scaling, distance metrics); 

Sakata 
Chapter 12 
PDFs 

Oct 18 -Monte Carlo and randomization techniques, bootstrapping, 
jackknife, Mantel test 

Sakata 
Chapters 12 & 5 



Oct 25 -Cluster analysis 
-Information theoretical approaches 

Sakata 
PDFs 

Nov 1 -Bayesian statistics Chivers 
PDFs 

Nov 8 -Canonical correspondence analysis, RDA, path analysis Potvin 
Nov 15  -GLM Students 
Nov 22 -Presentation of student analysis Students 
Nov 29 -Presentation of student analysis Students 

 
EVALUATION AND TIME LINE:  
Assignments are to be submitted through MyCourses and are due at the beginning of class. 
Grades will be reduced by 15% each week the assignment is late.  
 
Grades will be based on both oral and written assignments as per the table below. 
 
1-page summary of research question and 
hypothesis (written) 

5% 

Student presentation of own design (oral) 10% 
Written report of own design  10% 
Homework assignments 25% 
Conference-style presentation of own data 
analysis (oral) 

20% 

Written report on implementation of data 
analysis incorporating input 

20% 

Participation  10% 
 
1-page summary of research question and hypothesis (5%): 
The first key step in developing an adequate experimental design is to (a) clearly formulate the 
global objective, (b) state the hypothesis and (c) define the experimental/observational systems. 
This first assignment aims at describing the experimental system and presenting the hypothesis. 
This assignment is not meant for students to formalize their experimental designs; that will be 
the point of the written report.  Rather, for this first assignment, students should provide a clear 
and concise document about the primary research questions and objectives as well as key 
references on which they will build their research.  
 
Student’s presentation of own design (10%): 
Each student will present her/his research ideas and a proposed design.  They will have 20 
minutes in total, 15 minutes for the presentation and 5 minutes for questions and answers. The 
design will be scrutinized by the class to ensure that it will meet the objectives of the research.  
The design proposal should include preliminary ideas on how the data might later be analyzed.  
The oral presentation will serve to help student summarize the relevant literature, explain their 
design, and receive constructive feedback.  In creating your presentation, make sure to address 
the following questions: 
(1) What are the scientific objectives of the study?   
(2) Do you present sufficient information to understand the experimental system?  
(3) Is the design adequate to test the hypotheses of interest?  
(4) Do you adequately use randomization and replication?  
(5) What are potential confounding variables?  
 



Written report on own design incorporating input (10%): 
The written report should summarize the presentation and reflect the input received during the 
oral presentation. As much as possible, the paper should reflect the ideas written in the first 
assignment.  It should be written in the format of a journal in the student’s relevant field.  If the 
journal presents very scant methodology, additional necessary information to judge the quality 
of the design should be presented as supplementary material (e.g. high profile journals such as 
Science). 
 
Homework assignments (25%) 
Five homework assignments will be given to ensure students know how to implement key 
univariate and multivariate statistics.  Students will be provided with a dataset and asked to 
conduct particular analyses to address specific research questions.   
 
Oral presentation of own data analysis (20%): 
Each student will explain to the class how s/he plans to analyze her/his data.  The presentation 
should follow the guidelines of international conferences and will serve to hone one’s 
communication and presentation skills and practice for seminars or qualifying exams.  Students 
will justify their choices of analytical approaches and verify the assumption of these analyses.  
They should also succinctly but clearly explain the chosen methods and provide enough 
information to allow the audience to judge the validity and relevance of the approach.  Feedback 
will be given by professors as well as other students.  Students will be graded individually on the 
quality of their presentation, the clarity of the explanation of their methods, the completeness of 
the information provided, and the validity of statistical approaches.  Presentations will be 20-25 
min, with 5-10 minutes for questions (i.e., ~30 min in total).    
 
Written report of own analysis (20%): 
The written report should integrate the learning of the course and reflect the input received 
during the earlier discussion.  It should be written in the format of a journal in the student’s 
relevant field, max 10 pages, double –spaced, and should focus on the analysis of the data. 
 
Participation (10%): 
Students are encouraged to ask questions during class and during student presentations and 
encouraged to participate in group discussions about experimental approaches and statistical 
techniques.  People have diverse academic backgrounds, and providing feedback to colleagues 
in different fields about statistical and experimental approaches can be very helpful.   
  
Workshop in R 
This course is design to complement the efforts of the graduate students in the Department of 
Biology to provide instruction on the use of R.  We will not provide formal training with any 
statistical software package, including R, and encourage students to attend these and other 
workshops to help implement their analyses.   



 
Notices: 

Academic Integrity: "McGill University values academic integrity. Therefore, all students must 
understand the meaning and consequences of cheating, plagiarism and other academic 
offences under the Code of Student Conduct and Disciplinary Procedures (see 
www.mcgill.ca/students/srr/honest/ for more information).(approved by Senate on 29 January 
2003) 

Language of written work: In accord with McGill University’s Charter of Students’ Rights, 
students in this course have the right to submit in English or in French any written work that is to 
be graded.  

Disabilities: If you require special accommodations, please notify the instructor during the first 2 
weeks of class.  

(Natural) Disasters: In the event of extraordinary circumstances beyond the University's control, 
the content and/or evaluation scheme in this course is subject to change. 

Copyright: © Instructor generated course materials (e.g., handouts, notes, summaries, exam 
questions, etc.) are protected by law and may not be copied or distributed in any form or in any 
medium without explicit permission of the instructor.† Note that infringements of copyright can 
be subject to follow up by the University under the Code of Student Conduct and Disciplinary 
Procedures. 

Sustainability: "McGill has policies on sustainability, paper use and other initiatives to promote a 
culture of sustainability at McGill." (See the Office of Sustainability.) 
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