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Brief Course Description:

When is it legitimate to conclude that A causes B? In human history, causality was sometimes the province of the gods as in there is lightening because a god is throwing bolts at the earth. The introduction of Aristotelian logic permitted the development of deductive logic and the notion of consistency. Because deduction manipulates knowledge but does not add to it, natural science uses induction in which universal causal laws are believed because of experiments at a few times and places. Social sciences often use “natural experiments” in which observed differences among existing groups are explained based on their environments.  

This course begins with a discussion of the history of the arguments for causality. It then embarks on a discussion of a few great natural science experiments and the causal conclusions that resulted. We then examine historical science and assess the status of the causal conclusions that can be drawn from them.  In the process, we discuss how the progress of science determines what is accepted as a cause, from the "taint" of an ancestral line to the psychological impacts of childhood. Next, we discuss the inference of causality by machine and statistical analysis. 

In the first week project, students will present an experiment done by researchers in natural, social, or human science. In the second week project, students will conduct their own experiments (either ones we have discussed or others). In the third week project, students will write a computer program that tries to infer a person’s personality. 

To take this course, you should love to think both qualitatively and quantitatively. Whereas you will do some programming in the language python (in a team of two if you wish), there is no programming prerequisite and you will be taught everything you need to know in daily programming tutorials.
Learning Outcomes:

Understand the historical, philosophical, and operational methods in which causes were/are inferred. Some methods depend on culture and some reflect the state of science.

Understand how induction works in science through readings and hands-on activities. Understand the role of statistics in inferring causality.

Understand the logic of machine learning and artificial intelligence when trying to infer causality. 
Learn to reason computationally to solve scientific problems and to realize that reasoning through programming (taught in a self-contained manner).

Teaching and Learning Methodologies:

Lectures, readings, and presentations by students. Team-designed social, physical and computational experiments.

Methods and Dates of Assessments:

Class and presentation work 30%, week 1 project 20%, week 2 project 20%, and week 3 project 30%. No exams. 

Information on out-of-class assignments: 

Project 1: Presentation about a historical scientific experiment and how causality was established.

Project 2: Design and demonstrate a physics-based or social experiment of your own creation and write a description of the goals, techniques, and causal conclusions.

Project 3: Design a strategy to discover someone’s likes and dislikes based on their overall happiness with a situation.
Course texts:

1. The Prism and the Pendulum
 Robert Crease

 Publisher: Random House Trade Paperbacks (October 12, 2004)

 Language: English

 ISBN-10: 0812970624

 ISBN-13: 978-0812970623

2.  Statistics is Easy, second edition

Dennis Shasha and Manda Wilson

Publisher: Morgan & Claypool [can be obtained online]

Language: English

ISBN-10: 1598297775

ISBN-13: 978-0393336832

3. A Cultural History of Causality: Science, Murder Novels, and Systems of Thought 

Stephen Kern 

Publisher: Princeton University Press

Language: English

ISBN-10: 0691127689

ISBN-13: 978-0691127682

4. Natural Computing
 Dennis Shasha and Cathy Lazere

 Paperback: 288 pages

 Publisher: W. W. Norton & Company (May 17, 2010)

 Language: English

 ISBN-10: 0393336832

 ISBN-13: 978-0393336832

5. Guns, Germs, and Steel
Jared Diamond

Paperback: 496 pages

Publisher: W. W. Norton & Company (April 1, 1999)

Language: English

ISBN-10: 0393317552

ISBN-13: 978-0393317558

6. Some readings from the web

Course topics and Contents on a Week-by-Week Basis:

Week 1: Historical and philosophical views of causality.   Readings from the web, Guns, Germs, and Steel , and The Prism and the Pendulum 
Reading Assignments:

Day 2: http://cs.nyu.edu/cs/faculty/shasha/papers/bacon.doc
Day 2: http://www.library.utoronto.ca/see/SEED/Vol4-3/Hulswit.htm
Day 2: http://plato.stanford.edu/entries/aristotle-causality/
Day 2: Selection of chapter to present from The Prism and the Pendulum (from 1&2 together, 4, 6, 7, 8, 9, 10, any experiment in interlude)
Day 3: http://www.lancs.ac.uk/staff/subbotsk/Culture.pdf 
Day 3: http://classics.mit.edu/Hippocrates/ancimed.html
Day 4: Chapters 2, 6, Epilogue from Guns, Germs, and Steel 
Day 5: Presentation of chosen experiment from The Prism and the Pendulum 

Daily in-class python sessions.

Project: Presentation on a great experiment and how causality was established. Presenters are expected i) to explain their presented experiment very clearly (perhaps with illustratios)  ii) to discuss any contemporary  criticisms of the experiment and iii) follow-on experiments that either refined the results or otherwise improved on them.
Week 2: Literary, Statistical, and Computational understanding of causality.

Understanding causality in literature from family taints to psychological analyses to sociological causes of murder. 

Readings from the web, A Cultural History of Causality: Science, Murder Novels, and Systems of Thought, and Statistics is Easy 

Machine learning and statistical approaches to causality.

Primary readings:

Day 1: chapters 1 and 2 of A Cultural History of Causality: Science, Murder Novels, and Systems of Thought 
Day 1: http://www.stat.cmu.edu/~fienberg/Statistics36-756/pearlpaper.pdf 
Day 2: chapters 3 and 4 of A Cultural History of Causality: Science, Murder Novels, and Systems of Thought 
Day 2: http://openclassroom.stanford.edu/MainFolder/VideoPage.php?course=ProbabilisticGraphicalModels&video=2.1.1-Repn-BN-semantics&speed=

http://openclassroom.stanford.edu/MainFolder/VideoPage.php?course=ProbabilisticGraphicalModels&video=5.11-InfluenceDiagrams&speed=

Day 3: chapters 5 and 6 of A Cultural History of Causality: Science, Murder Novels, and Systems of Thought 
http://openclassroom.stanford.edu/MainFolder/VideoPage.php?course=ProbabilisticGraphicalModels&video=2.1.2-Repn-BN-patterns&speed=

http://openclassroom.stanford.edu/MainFolder/VideoPage.php?course=ProbabilisticGraphicalModels&video=2.1.3-Repn-BN-activetrails&speed=

Day 4: chapters 7, 8, and conclusion of A Cultural History of Causality: Science, Murder Novels, and Systems of Thought 
Day 4: Chapters 1 and 2 of Statistics is Easy
Day 5: Students will present the experiments they have done over the week, including statistical analysis. Presentations should include the goal of the experiment, the experimental setup, movies of sample runs of the experiment, a demonstration if feasible, the results, including statistics.

Daily in-class python sessions.

Week 3: Causality under conditions of uncertainty. Notions of  known problems, unknown problems, and unknown unknowns.

Day 1: chapters 1 and 2 from  Natural Computing
Day 2: chapters 5 and 14 from  Natural Computing
Day 3 and 4: Final project
Project: Student teams will build and compete with one another in a project to discover the likes and dislikes of a person based on his or her overall happiness with a situation.

Crosslisting: relevant to social scientists, natural scientists, and computer scientists mostly, but also literature majors who have some interest in science.

Pedagogical methods to keep student interest: Course will be very interactive with lots of in-class time devoted to student presentations and projects.

Cultural diversity underlies different understandings of causality. Understanding this can contribute to inter-cultural understanding.

Relationship of this course to others: useful to students in the social, natural, computational or engineering sciences. Not specifically redundant to any other course.

