Health Sciences & Technology 190

Syllabus for Introduction to Biostatistics in Medicine
Summer 2025: class meets MWF 09:00AM-12:00PM in
HMS Tosteson Medical Education Center (TMEC) 209

Faculty Instructor: Nima Hejazi, PhD Teaching Fellow: Nana Okada
E-mail: nhejazi@hsph.harvard.edu E-mail: nokada@hms.harvard.edu
Webpage: https://nimahejazi.org

Office Hours Location: TBA Office Hours Location: TBA
Office Hours: TBA Office Hours: TBA

The instructional staff reserve the right to make changes to this syllabus at any time.

Course Description:

Evidence-based medicine—and evidence-based innovation in the health and medical sciences—
depends critically on the ewvaluation and interpretation of data. Not only does this require an
understanding of the scientific subject matter (i.e., a medical specialty), but it also necessitates
a working knowledge of the research methodology used to distill experimental data into evidence.
Biostatistics serves as a foundational pillar of research methodology in the health and medical
sciences, ideally acting as an engine for evidence evaluation and as a safeguard against drawing
incorrect inferences from data. This course provides training on how to comprehend, critique and
communicate findings from the health and medical sciences literature, focusing especially on how
to assess the importance of chance in the interpretation of experimental data. Major topics to be
addressed include elementary probability theory, hypothesis testing, analysis of variance, the general
linear model and generalized linear models (e.g., logistic regression), survival analysis and causal
inference, and reproducible statistical data analysis. These topics will be reviewed together with the
critical reading of studies published in the health and medical sciences literature. Emphasis will be
placed on understanding how statistical thinking can help to prevent mistakes that commonly arise
from relying upon intuition alone and how even the rote application of statistical techniques and
tools can lead to logical mistakes that invalidate an analysis and undermine its scientific conclusions.

Prerequisites and Recommendations:

The course is required for medical (MD) and doctoral (PhD) students in the MIT-Harvard Health
Sciences & Technology doctoral program. It is generally not open to students in other educational
programs, whether at Harvard University or the Massachusetts Institute of Technology, though
exceptions may be made on a case-by-case basis with prior approval of the instructor.

e Pre-requisites: Intermediate calculus and basic linear algebra.
o Recommended: Prior introduction to numerical/statistical programming.

Students are expected to have some prior training in mathematics, including intermediate calculus
(partial differentiation, integration) and elementary linear algebra (matrices, determinants, vector
spaces). Although students are not expected to be fluent in a high-level statistical or numerical
programming language (e.g., R, Julia), modern biostatistics is a computing-intensive discipline;
thus, familiarity with the basics of numerical /statistical programming will be helpful in wading
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through the material at a fast pace. Students are expected to have the motivation and intellectual
maturity to acquire any technical skills and tools they might lack to succeed in the course—without
significant help, as that is what is required of professionals.

Requirements and Materials:

The course primarily follows a single textbook: Vu and Harrington (2020)’s Introductory Statistics
for the Life and Biomedical Sciences, digital copies of which are freely available at https://
openintro.org/book/biostat; readings assigned from this textbook are required, and some of
the material will not be explicitly reviewed in the course lectures. Although lecture notes will also
be distributed, these are intended to supplement readings from the textbook. A non-exhaustive list
of other possibly helpful and well-written monographs, given in reverse chronological order of their
publication, appears below (n.b., some on this list are more advanced’ than others). Some material
will be drawn from these texts as well.

o Fay and Brittain (2022), Statistical Hypothesis Testing in Context

o Brumback (2021), Fundamentals of Causal Inference with R

o James et al. (2021), An Introduction to Statistical Learning with Applications in R

o Westreich (2019), Epidemiology by Design: A Causal Approach to the Health Sciences
o Aronow and Miller (2019), Foundations of Agnostic Statistics'

e Rosenbaum (2017), Observation and Experiment: An Introduction to Causal Inference
o Friedman et al. (2015), Fundamentals of Clinical Trials

o Freedman (2009), Statistical Models: Theory and Practice

o Jewell (2004), Statistics for Epidemiology

o Altman (1990), Practical Statistics for Medical Research

Textbook readings and lectures notes will be supplemented by primary research articles and short
tutorials chosen from the health and medical sciences literature or the (bio)statistics literature.
The BMJ has also published a series of “Statistics Notes” (https://www.bmj.com/specialties/
statistics-notes), which are intended for applied scientists and medical researchers—these make
for excellent overviews of many topics, so we will review a selection of these as well. To develop
an appreciation for biostatistical science, you may also optionally read Senn (2022)’s Dicing with
Death: Living by Data, a recently updated popular science book on health and medical statistics.

Lecture notes, classroom activity materials, homework assignments, upcoming due dates, and this
syllabus will be made available via the course’s Canvas intranet website at https://canvas.
harvard.edu/courses/141805.

Pedagogic note: This is an introductory course intended to equip students with the basic skills
and necessary background to evaluate statistical evidence as it is presented in the health and
medical sciences literature. The emphasis is on critical thinking and statistical rethinking—not on
performing mathematical manipulations by rote. A key skill in thinking as a (bio)statistician is
to learn to translate scientific questions into statistical queries, which may then be addressed by
the application of statistical methods to carefully collected experimental data, and to appreciate
the fundamental limits of what it is possible to learn from a given experimental or observational
study. Necessarily, the focus of this course will not be on how to apply various common statistical
methods (e.g., to develop a “statistics toolbox”) but instead on understanding when and why
a chosen methodological approach may be appropriate and how to interpret the results of the
application of appropriately selected statistical procedures in relevant scientific context.
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Course Policies, Expectations, and Grading Scheme

Accommodations: Please speak with the instructional staff as soon as possible if you require any
particular accommodations, and we will work out any necessary arrangements as best as possible.

Scheduling Conflicts: Notify the instructional team by the second class session about any known
or potential conflicts (e.g., religious observances, job interviews, professional conferences). Due to
the compressed and interactive nature of the class, you should not enroll in the course if you foresee
the possibility of missing the equivalent of two or more class meetings.

Collaboration and Independence: All homework assignments should clearly list collaborators
and references. Homework assignments will not be considered for credit if they are a replicate of
another submitted assignment. While collaboration is highly encouraged, assignment submissions
should be written up entirely independently.

Grading Scheme: Per HST policy, there are two components to the final grade:

e A Content grade based on your mastery of the course didactic material as evidenced through
various assessments. This will be evaluated primarily by way of

— Course project: A final project will be assigned in lieu of a final exam. Groups of 2-4
students will work on these projects together, learning from each other in the process.
The project provides a hands-on opportunity to draw on the methods discussed in class
to develop a statistical analysis plan tied to a motivating scientific question and dataset,
while allowing for the receipt of feedback from peers and the instructional team. Project
requirements include a brief presentation during the final class session and a short write-
up describing the scientific question and recommended statistical analysis plan. Project
presentations will take place during the final class session—Friday, September 6. A
handout outlining specific expectations will be provided two weeks prior to this date.

— Assignments: Each week, a homework problem set, to be handed in via Canvas, will be
distributed. Each student must submit their own solutions to these assignments. Answer
keys to these assessments will not be distributed; however, following each deadline, small
groups of students will be asked to revisit each problem set and to develop a new set
of solutions “in committee”; groups of students will be randomly selected to present
these solutions. Given the compressed timeline of the course, no late assignments will
be accepted for any reason. Understanding of the content of these assessments will also
be evaluated via short, open-note “concept checks” administered at random during the
class sessions.

e A Professionalism grade based on attendance, engagement, effort made to seek assistance,
and the approach taken to homework solutions.

— Attendance: The levels of background and prior statistical experience vary considerably
within the HST cohort: Some students will have already encountered (and mastered)
some of the technical ideas covered in the course, while others may be encountering the
ideas for the first time. The course is not intended merely to review technical ideas but
is designed to encourage the development of skills and intuition required to appreciate
when and how statistical methods can be brought to bear on problems in the health and
medical sciences—an endeavor best undertaken carefully and collaboratively. The goal
is for individual students to contribute to the entire class’s collective learning, which
requires in-the-classroom attendance. While attendance will not be formally recorded, it



is clear to the instructional team who is absent from the room. If it is necessary to miss
a class meeting for any reason, please inform the course instructor well in advance.

— FEngagement: The in-class group exercises are intended to provide opportunities for small
groups of students to grapple with a problem—that is, to work together on solutions and
to push each other to understand different approaches and perspectives. For those with
prior experience, it may seem “easier” to quickly solve a problem on their own—but these
exercises are also about working with peers, comparing ideas and teaching others where
needed. Successful completion of the tasks is less important that the group experience;
thus, it is necessary for students to remain fully engaged during these exercises. As
the instructional team will circulate between groups during these exercises—checking
in with groups and helping guide them (as needed), and posing new questions when
appropriate—they will also be assessing the level of engagement between peers.

— Homework solutions: Students are encouraged to (orally) discuss problem sets with their
peers, but each student must write up solutions separately. It is imperative to have
worked through each problem individually and to make sure that the answers submitted,
inclusive of computer code, are the results of one’s own understanding of the problem (the
goal is learning, not accruing “points”). In situations in which the level of collaboration
may be questionable (rather than clearly appropriate), it is the students’ responsibility to
check in with the instructor. Students are also required to acknowledge all collaborators
when submitting completed assignments. Furthermore, the use of ChatGPT or similar
tools is entirely forbidden. Note that beyond the grading of homework, the completion
of assignments will be assessed via in-class “concept checks” (administered at random),
and neither ChatGPT nor peer collaborators will be of much help in such situations.

— Seeking assistance: Both the course instructor and the teaching fellow will have office
hours each week. Students should also feel free to reach out to the instructional staff to
set up individual meetings to discuss the course material. Our goal is to let everyone
feel that they have learned something in the course (even if they have great statistical
skills coming in) and for everyone to finish the course with a sense of general comfort in
approaching statistical problems and questions in the health and medical sciences.

Course Evaluation

Constructive feedback from students is a valuable resource for improving the teaching and learning
experience. The feedback should be specific, focused, and respectful. It should address aspects of
the course and teaching that are positive, as well as those which need improvement.

Course Outline

The course is divided into a series of modules. The exact weekly coverage of topics is subject to
change, as it will depend on the progress of the class. Anticipated time for the completion of each
module is given below. Since the course consists in roughly 10 3-hour meetings, each module will
be covered in just one or two class sessions. (n.b., The use of % below denotes required clinically
oriented reading assignments, on which in-class group-based learning activities will be based.)

1. Biostatistics and data science in medicine. Brief history of biostatistics; the role of
(bio)statistics in evaluating evidence; principles of data collection; numerical and categorical
data; exploratory data analysis; principles of reproducible statistical data science; overview
of observational studies and randomized controlled trials (RCTS).



« Time anticipated: 1 meeting (Mon., Aug. 12th)

e Books and tutorials: Vu and Harrington (2020, Ch. 1), Altman (1990, Ch. 1-3), Jewell
(2004, Ch. 1-2), Freedman (2009, Ch. 1), Senn (2022, Ch. 1-2)

o Notes from The BMJ: Altman and Bland (1999b), Altman and Bland (1994), Altman
and Bland (1998a), Altman and Bland (1999a), Bland and Altman (2011)

o Literature and commentaries: Kluytmans-van Den Bergh et al. (2020, presenting data) 3 ,
Altman (1998), van der Laan (2015), Stark and Saltelli (2018), Wainer (1984), Broman
and Woo (2018), Peng and Hicks (2021)

2. Elementary foundations of probability theory. Basic axioms and laws of probability
and conditional probability; Bayes’ theorem; random variables and their essential properties;
expectation, conditional expectation, and covariance; common families of random variables
(Normal, Binomial, Poisson); marginal, joint, and conditional distributions; Bernoulli trials.

« Time anticipated: 2 meetings (Wed., Aug. 14*"; Fri., Aug. 16'")

o Books and tutorials: Vu and Harrington (2020, Ch. 2-3), Altman (1990, Ch. 4), Jewell
(2004, Ch. 3), Aronow and Miller (2019, Ch. 1-2), Senn (2022, Ch. 3-4)

e Notes from The BMJ: None assigned

o Literature and commentaries: Spiegelhalter (2024, on probability), Freedman and Stark
(2001, on probability), Altamirano et al. (2020, measuring incidence) ¥, Milne and
Whitty (1995, using approximations) %

3. Elementary foundations of statistical inference. Point estimation and variability of
point estimates; confidence intervals and hypothesis testing (and their duality); the Normal
and t-distributions (as sampling distributions of test statistics); one-sample inference (means
and proportions); two-sample inference for paired and independent data (difference-of-means
and difference-of-proportions); analysis of variance (ANOVA); contingency tables, x? tests of
association, and Fisher’s exact test; overview of permutation testing.

« Time anticipated: 2 meetings (Mon., Aug. 19'"; Wed., Aug. 21%")

o Books and tutorials: Vu and Harrington (2020, Ch. 4-5, 8), Altman (1990, Ch. 5, 8-10),
Jewell (2004, Ch. 4-7, 11), Aronow and Miller (2019, Ch. 3), Senn (2022, Ch. 5)

o Notes from The BMJ: Bland and Altman (1994a), Bland and Altman (1995), Altman
and Bland (1996), Altman and Bland (2005), Altman and Bland (2014a)

o Literature and commentaries: Cranston et al. (2020, inference with one sample) ?,
Chowdhary et al. (2020, inference with two samples) %, Cole et al. (2021)

4. Regression and the general(ized) linear model. Regression to the mean; the general
linear model and interpretation of model parameters; estimating linear regression parameters
via least squares; point estimation of and inference for regression parameters; multiple linear
regression and statistical interaction; ANOVA (revisited) and ANCOVA; model evaluation
and model selection; introduction to generalized linear models (GLMs) via logistic regression.

« Time anticipated: 2 meetings (Fri., Aug. 23"%; Mon., Aug. 26'")

o Books and tutorials: Vu and Harrington (2020, Ch. 6-7), Altman (1990, Ch. 11-12, 15),
Jewell (2004, Ch. 12-13), Freedman (2009, Ch. 2-5), Aronow and Miller (2019, Ch. 4-5),
Senn (2022, Ch. 6, 8)

o Notes from The BMJ: Altman and Royston (2006), Bland and Altman (1994b), Bland
and Altman (1994c), Bland and Altman (2000)

o Literature and commentaries: Turner et al. (2020, linear regression) %, Avadhanula et al.
(2020, logistic regression) %, Freedman (2008a)



5. Survival analysis, causal inference, and clinical trials. Time-to-event outcomes and
right-censoring; the Kaplan-Meier estimator of the survival curve, Greenwood’s formula, and
the log-rank test; overview of the Cox proportional hazards model; RCTs, randomization, and
confounding; the Neyman-Rubin potential outcomes framework, the fundamental problem of
causal inference, and target trial emulation; the estimands framework for clinical trials.

« Time anticipated: 3 meetings (Wed., Aug. 28*"; Fri., Aug. 30*"; Wed., Sep. 4'h)

o Books and tutorials: Freedman (2008b), Dalgaard (2008, Ch. 14), Altman (1990, Ch. 13),
Jewell (2004, Ch. 8, 17) Aronow and Miller (2019, Ch. 6-7), Senn (2022, Ch. 7, 9)

» Notes from The BMJ: Altman and Bland (1998b), Bland and Altman (1998), Bland and
Altman (2004), Altman and Bland (2007), Altman and Bland (2014b)

o Literature and commentaries: Nguyen et al. (2019, survival analysis) #, Hoffman et al.
(2022, causal inference) ¥, Weir et al. (2024, estimands) ¥ , Hernan and Taubman (2008),
Stensrud et al. (2019), Herndn and Robins (2016), Hernan et al. (2016), Hernédn and
Monge (2023), US Food and Drug Administration (2021), Kahan et al. (2023), Kahan
et al. (2024)

Class Session Structure

The class sessions focus on synchronous learning: Each of the 10 learning sessions will be 3 hours,
and will be divided unevenly into three parts:

o Part I (1.5 hours) begins with a brief 3-5 question, open-note worksheet intended to cover the
textbook-based reading material. Following a 15-minute period to complete said worksheet,
a random selection of students will present their answers orally as a “concept check.” After
this, approximately 1 hour will be dedicated to a lecture delivered by the faculty instructor.

o Part IT (0.75 hours) is dedicated to students working in small groups (of 2-4) for approximately
30 minutes. During this portion, students will work as a group to answer a problem set
consisting of 2-3 problems. One student in each group will be assigned the role of note-taker.
The remaining time will consist of a guided discussion of the problem sets, with the assigned
note-taker serving as the representative of each group.

o Part IIT (0.5 hours) is devoted to a guided discussion of the assigned reading from the primary
literature—on health and medical sciences or applied (bio)statistics—focusing on aspects of
the reading that pertain specifically to the material discussed in the course. Each discussion
will focus on a clinically oriented paper (marked with the ¥ symbol above) and will be led by
a small group of students assigned in advance of the given class session.

Throughout each class session, Parts I and II will be separated by a 5-10 minute break, as will
Parts II and III. During these breaks, the instructional team will remain available for questions.
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