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Motivation

Are we teaching what we should be teaching in our introductory
statistics and data science courses?
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Motivation

OR do students leave our courses and programs with a form of
observational data paralysis?
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Motivation

OR are we hiding the power of statistics behind our bushel basket?
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Source: causal inference FB

What evidence do we have that smoking causes lung cancer?
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Source: causal inference FB

While clinical trials are wonderful, we live in a world of ‘found’
data.
“It is not that i believe an experiment is the only proper
setting for discussing causality, but I do feel that it is the
simplest such setting” - Holland (1986)
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Do we teach multivariate thinking?

As we begin the 21st century, the introductory statistics
course appears healthy, with its emphasis on real
examples, data production, and graphics for exploration
and assumption-checking. Without doubt this emphasis
marks a major improvement over introductory courses of
the 1960s, an improvement made possible by the vaunted
“computer revolution.” Nevertheless, I argue that despite
broad acceptance and rapid growth in enrollments, the
consensus curriculum is still an unwitting prisoner of
history (Cobb, TISE 2007).
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Teaching multivariate thinking and confounding

1 what are we currently teaching?

Nicholas J. Horton multivariate thinking and confounding



Advanced Placement Statistics
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AP Statistics curriculum

Four broad themes:

1 Exploring Data: Describing patterns and departures from
patterns

2 Sampling and Experimentation: Planning and conducting a
study

3 Anticipating Patterns: Exploring random phenomena using
probability and simulation

4 Statistical Inference: Estimating population parameters and
testing hypotheses
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AP Stats: Exploring data (20-30%)

1 Univariate graphics

2 Univariate summaries

3 Comparing univariate distributions

4 Exploring bivariate data

5 Exploring categorical data
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AP Stats: Sampling and experimentation (10-15%)

1 Methods of data collection

2 Planning and conducting surveys

3 Planning and conducting experiments

4 Generalizability of results and types of conclusions
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AP Stats: Anticipating patterns (20-30%)

1 Probability

2 Rules for random variables

3 Normal tables(!)

4 Sampling distributions

5 Other distributions (t, χ2)
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AP Stats: Statistical inference (30-40%)

1 Estimation (point estimators and confidence intervals)

2 Tests of significance
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AP Stats: aside on technology

Currently, the graphing calculator is the only
computational aid that is available to students for use as
a tool for data analysis on the AP Exam (AP Stats
course description).

Relatively modern curriculum from circa 1996, but little beyond
bivariate comparisons
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Course descriptions

MA 113 (Boston University) Basic concepts of estimation and
tests of hypotheses, ideas from probability; one-,
two-, and multiple-sample problems. Applications in
social sciences. Primarily for students in the social
sciences who require a one-semester introduction to
statistics.
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Course descriptions

MATH125 (UMass/Boston) Topics include introductory statistics,
covering descriptive statistics; introductory
probability sufficient to enable development of
inferential statistics; and inferential statistics.
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Course descriptions

STAT101 (Wellesley) An introduction to the fundamental ideas
and methods of statistics for analyzing data. Topics
include descriptive statistics, basic probability,
inference, and hypothesis testing. Emphasis on
understanding the use and misuse of statistics in a
variety of fields, including medicine and both the
physical and social sciences.
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Course descriptions

STAT100 (Harvard Stat) Introduction to key ideas underlying
statistical and quantitative reasoning. Topics
covered: methods for organizing, summarizing and
displaying data; elements of sample surveys,
experimental design and observational studies;
methods of parameter estimation and hypothesis
testing in one- and two-sample problems;
regression with one or more predictors; correlation;
and analysis of variance. Explores applications in a
wide range of fields, including the social and political
sciences, medical research, and business and
economics.
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Course descriptions

BST201 (Harvard Chan) Covers basic statistical techniques that
are important for analyzing data arising from
epidemiology, environmental health and biomedical
and other public health-related research. Major
topics include descriptive statistics, elements of
probability, introduction to estimation and hypothesis
testing, nonparametric methods, techniques for
categorical data, regression analysis, analysis of
variance, and elements of study design. Applications
are stressed. Designed for students desiring more
emphasis on theoretical developments.
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Course descriptions

QTM1000 (Babson College) The course introduces the necessary
core quantitative methods ... Statistical software and
the use of spreadsheets are integrated throughout so
that students better comprehend the importance of
using modern technological tools for effective model
building and decision-making. About two thirds of
the course is data-oriented, exposing students to
basic statistical methods, their conceptual
underpinning, such as variability and uncertainty, and
their use in the real world. Topics include data
collection, descriptive statistics, elementary
probability rules and distributions, sampling
distributions, and basic inference. (Followed by
QTM1010, linear regression [multivariate?] and
QTM2000, more modeling.)
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DeVeaux, Velleman, and Bock (SDM4)
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DeVeaux, Velleman, and Bock (SDM4)

Chapter 2: “When averages are taken across different groups,
they can appear to contradict the overall averages. This is
known as Simpson’s paradox”

Chapter 12: introduce confounding (in the context of clinical
trials)

Chapter 28 (page 817) multiple regression

(material slated to appear earlier in future editions...)
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Pagano and Gauvreau
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Principles of Biostatistics, second edition

Chapter 4: Confounding defined (page 71, standardization as
an approach to address p. 84–89)

Chapter 16: Simpson’s paradox introduced via multiple 2x2
tables (page 374 of 525)

Chapter 19: multiple regression to move beyond bivariate
questions

Why wait?
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Do we teach in a way that encourages paralysis?
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Other factors may be responsible for observed associations
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Example from SDM4 (De Veaux, Velleman, and Bock)
p. 575

Exercise 20.41: It’s widely believed that regular mammogram
screening may detect breast cancer early, resulting in fewer deaths
from that disease. One study that investigated this issue over a
period of 18 years was published during the 1970’s. Among 30,565
who had never had mammograms, 196 died of breast cancer
(0.64%) while only 153 of 30,131 who had undergone screening
died of breast cancer (0.50%).

Do these results suggest that mammograms may be an effective
screening tool to reduce breast cancer deaths?
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Solution to Exercise 20.41 SDM4 (De Veaux, Velleman,
and Bock) p. 575

H0 : p1 − p2 = 0 vs. HA : p1 − p2 > 0 (one-sided test? That’s a
different sermon.)

where p1 is the proportion of women who never
had mammograms who died of breast cancer and p2 is the
proportion of women who had undergone screening who died of
breast cancer (z=2.17, p=0.0148).

With a p-value this low, we reject H0. The data suggest that
mammograms may reduce breast cancer deaths.

(But what about possible confounders?)
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AP Statistics 2017 free response
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Open Intro Statistics
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Open Intro Statistics
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Open Intro Statistics

1 Since the p-value < α, we reject H0. There is strong evidence
of a difference in the rates of autism of children of mothers
who did and did not use prenatal vitamins during the first
three months before pregnancy.

2 The p-value is small and we reject H0. The data provide
convincing evidence to suggest that autism and vitamin use in
women are associated.

3 Yes, this is an observational study. Based on this study we
can’t deduce that taking vitamins leads to less autism. There
may be other factors, lurking variables, that may cause autism
and be associated with vitamin use.
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(Non-scientific) survey of isolated statisticians and Stat Ed
section members

question: “what assumptions do you have students check when
using the two sample t-test?”

representative answer: (instructor using Gould and Ryan [first
edition])

1 Randomness in the data collection process
(either random samples or experiment)

2 Independent samples
3 Either normal looking samples or sample sizes

larger than 25

What about possible confounders? (Only one other respondent out
of more than 20 mentioned “random assignment”: almost all
emphasis was on technical conditions).
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Harvard University EPI202b (circa 1995)
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revised GAISE College report
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revised GAISE College Report (2016)

1 Teach statistical thinking.

2 Focus on conceptual understanding.

3 Integrate real data with a context and purpose.

4 Foster active learning.

5 Use technology to explore concepts and analyze data.

6 Use assessments to improve and evaluate student learning.
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revised GAISE College Report (2016)

1 Teach statistical thinking.

Teach statistics as an investigative process of problem-solving
and decision-making.
Give students experience with multivariable thinking.

2 Focus on conceptual understanding.

3 Integrate real data with a context and purpose.

4 Foster active learning.

5 Use technology to explore concepts and analyze data.

6 Use assessments to improve and evaluate student learning.
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Teaching multivariate thinking and confounding

1 what are we currently teaching?

2 motivating multivariate examples
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SAT scores and teacher salaries (state data from 2010)
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SAT scores and teacher salaries (state data from 2010)
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stratification and/or multiple regression: Obama’s 2016
single author JAMA paper

See also “Statistical methods in the NEJM” (2007)
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Whickham cohort: smoking and mortality
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Whickham cohort: smoking and mortality
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Whickham cohort: smoking and mortality
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Kidney stones (Wikipedia Simpson’s Paradox)
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How to handle more than two variables?

“Data Viz on Day One” (TISE,
http://escholarship.org/uc/item/84v3774z)

stratification

multiple regression (early and often)

straightforward to use mosaic package “Less Volume, More
Creativity” approach to modeling (R Journal, https:
//journal.r-project.org/archive/2017/RJ-2017-024

and related Little Books)

new emphasis on causal graphs and confounding (more to
come on this front)
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Teaching multivariate thinking and confounding

1 what are we currently teaching?

2 motivating multivariate examples

3 confounding 101 and 201
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Multivariate thinking and confounding
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Utts: Seeing through Statistics (4th edition)
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Utts: Seeing through Statistics (4th edition)

A confounding variable is one that has two properties.

1 A confounding variable is related to the explanatory variable
in the sense that individuals who differ for the explanatory
variable are also likely to differ for the confounding variables.

2 A confounding variable affects the response variable. Because
of these two properties, the effect of a confounding variable
on the response variable cannot be separated from the effect
of the explanatory variable on the response variable.
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causal graphs (Elizabeth Lynch)
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Learning outcomes (Hernan and Swanson, EPI 524)

Confounding is a ubiquitous bias that arises when
non-comparable groups are compared. It is one of the
greatest threats to valid causal inferences from
observational data. Therefore, controlling for confounding
is a fundamental component of epidemiologic research.
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Wikipedia definition

In statistics, a confounder (also confounding variable or
confounding factor) is a variable that influences both the
dependent variable and independent variable causing a
spurious association. Confounding is a causal concept,
and as such, cannot be described in terms of correlations
or associations.
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Wikipedia talk page
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Moore et al (IPS, 7th edition)
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What to teach?

We need to go beyond these informal definitions...
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CMU Open Learning Initiative (OLI): Causal and
Statistical Reasoning
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CMU OLI: Causal and Statistical Reasoning
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CMU OLI: Causal and Statistical Reasoning criteria

X and Y are D-separated by Z just in case there are no
undirected paths between X and Y that are active relative to Z

A path is active iff all the variable on the path are active

Non-colliders are active if they are not in the conditioning set
Z, and inactive if they are in Z

Colliders are active if they are in Z or have an effect in Z, and
inactive otherwise

Nicholas J. Horton multivariate thinking and confounding



CMU OLI: Causal and Statistical Reasoning calculating

First identify all undirected paths

Count number of active (causally connected) paths

No mediators or common causes in Z
All common effects in Z

If an active path exists, it is D-connected by that path

If not, D separated
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CMU OLI: Causal and Statistical Reasoning

Used these materials in a second course in statistics circa 2009
(but tough going)
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Wikipedia definition
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Causal graphs version 2.0 (Fran Cook videos)
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Causal graphs version 2.0 (Fran Cook videos)
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Jewell (2003)
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Pearl, second edition (2009)
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van der Laan and Rose (2011)
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Winship and Morgan, second edition (2015)
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Vanderweele (2015)
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Chapters 6 and 7 of Hernan and Robins
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Chapters 6 and 7 of Hernan and Robins
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Example

Suppose an observational study tracked sunscreen use and skin
cancer, and it was found that the more sunscreen someone used,
the more likely the person was to have skin cancer. Does this
mean sunscreen causes skin cancer?
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Causal graphs version 3.0 (Open Intro)
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version 3.0: EdX Causal Diagrams (Draw Your
Assumptions Before Your Conclusions course)
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version 3.0: EdX Causal Diagrams (Draw Your
Assumptions Before Your Conclusions course)
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version 3.0: EdX Causal Diagrams (Draw Your
Assumptions Before Your Conclusions course)

1 Causal DAGs

2 Confounding

3 Selection Bias

4 Measurement Bias and putting it all together
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Wikipedia example
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Coffee (X), Cancer (Y), and Smoking (W)
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Coffee (X), Cancer (Y), and Smoking (W)

Nicholas J. Horton multivariate thinking and confounding



Learning outcomes (EPI524 Hernan and Swanson)

At the completion of the course, you will be able to:

1 Explain why models are necessary for confounding control

2 Control for confounding using various modeling approaches

3 Identify the relative advantages and disadvantages of each
modeling approach

4 Recognize and formulate well defined questions concerning
causal effects
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EPI524 Description (Hernan and Swanson)

EPI524 describes models for confounding control (or
adjustment), their application to epidemiologic data, and
the assumptions required to endow the parameter
estimates with a causal interpretation. The course
introduces students to two broad sets of methods for
confounding control: methods that require measuring
and appropriately adjusting for confounders, and methods
that do not require measuring the confounders.

Nicholas J. Horton multivariate thinking and confounding



EPI524 Description cont. (Hernan and Swanson)

Specifically, the course introduces outcome regression,
propensity score methods, the parametric g-formula,
inverse probability weighting of marginal structural
models, and instrumental variable methods as means for
confounding control. The models described in EPI524 are
for time-fixed dichotomous exposures and dichotomous,
continuous, and failure time (e.g., survival) outcomes.
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EPI524 Description (Hernan and Swanson)

Pretty tough sledding

Can we determine learning outcomes that are more accessible
to a broader audience?

Can we leverage free resources (e.g., Hernan’s EdX course) to
provide basic background (and free up class time?)
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My proposal (intro stat)

Include multivariate thinking as part of descriptive statistics

Include multiple regression as part of that introduction

Address confounding by stratification and multiple regression
control

Introduce idea of a causal graph

(Avoid paralysis and paranoia re: “other factors”)
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My proposal (Stat 2)

Extend ideas of causal graph and formalize causal inference

Incorporate Hernan EdX course to save on class time

Focus on what causal graphs tell us to do in terms of multiple
regression, exposure to one or more other methods to address
confounding
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My proposal (Capstone and other courses)

Reinforce and extend these ideas in later courses and projects
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Causality in Statistics Award
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Making this happen

Design and confounding are arguably the most important
statistical foundation topics (after the concept of variability)

Rich and sophisticated literature on causal inference now
exists

New curricular models and materials have been created (more
needed)

Need to rethink how we integrate this material into our
courses (and promulgate the approach)
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Teaching multivariate thinking and confounding

1 what are we currently teaching?

2 motivating multivariate examples

3 confounding 101 and 201

4 closing thoughts: next steps
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Moore et al (IPS, 7th edition)
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Next steps

focus on writing (e.g., KB talk to follow)

focus on projects (e.g., Katherine, Jessen, and Patricia talks)

focus on visualization (e.g., Vetria’s talk)

rethink our key topics for introductory and intermediate
courses
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Closing thought: need to avoid paralysis

Ensure that students don’t get stuck (conclude they can’t
make any headway if data don’t arise from a randomized trial)

Teach (modern) design early and often

Reinforce key aspects (observational data vs. randomized
trials) when we teach inference

Teach techniques to move beyond two-sample t-test
(stratification and multiple regression)

Make room by simplifying (what if all datasets were n > 100?
what if p-values were de-emphasized?)
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AP Computer Science Principles: the best of intro stat?
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AP Computer Science Principles: taught for first time last
year
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AP Computer Science Principles: project based learning
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AP Computer Science Principles: 200 page course
description

Nicholas J. Horton multivariate thinking and confounding



AP Computer Science Principles: example question
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AP Computer Science Principles: example question
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Advanced Placement Statistics
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