IDS 2935 Statistics and the Physical
World

Quest 2

Course Information

Fall 2022

Meeting Day/Time: T4, R4-5

Location: LIT 0127

Primary General Education Designation: Physical Sciences

Secondary General Education Designation (if seeking): No Secondary Designation
Writing Designation (if seeking): No writing designation

A minimum grade of C is required for general education

Instructor

Larry Winner — winner@ufl.edu
Office location: 228 Griffin/Floyd Hall
Office hours: TBA (See Canvas)
Phone: (352) 273-2995

Course Description

This course is intended to introduce general ideas involving probability and statistics through thought
provoking examples from subject areas in the physical and biological sciences. Students will be expected
to think through solutions to problems from the various cases to understand the various statistical
methods introduced. This can lead to questions such as how can we measure and describe climate
change based on available empirical data?

Once the methods have been covered and students have been exposed to the procedures used to
answer research questions, they will conduct natural experiments on their own to answer specific
questions regarding climate change. This will involve an application of the scientific method of posing a
research question, making predictions, collecting and analyzing data, and reporting the results.

The course will focus on “big picture” uses of statistical methods and will use statistical computing
software as opposed to “hand calculation.”

General Education Objectives and Learning Outcomes

This course is a social and behavioral sciences (S) subject area course in the UF General Education
Program. Physical science courses provide instruction in the basic concepts, theories and terms of the
scientific method in the context of the physical sciences. Courses focus on major scientific developments
and their impacts on society, science and the environment, and the relevant processes that govern


mailto:winner@ufl.edu

physical systems. Students will formulate empirically-testable hypotheses derived from the study of
physical processes, apply logical reasoning skills through scientific criticism and argument, and apply
techniques of discovery and critical thinking to evaluate outcomes of experiments.

These general education objectives will be accomplished through:

1.

Studying individuals’ knowledge and attitudes regarding weather in terms of understanding of
commonly reported measures of probability and the effects of framing options in terms of
gains/losses. Further, statistical methods will be applied to quantify changes in global
temperature.

Describe and analyze historical measurements from experiments of the speed of light, and the
density of the earth.

Students will use statistical methods to test empirically test widespread believed (as well as
denied) hypotheses regarding climate change, as well as confirming that historic physical
measurements are consistent with modern true values for scientific parameters. Further, they
will be presenting their reports/results in projects.

Providing students to survey a group of individuals on a widely reported measure of uncertainty
in future weather and the effects of framing on individuals’ choices involving choices with
regards to climate change.

Make use of external data sources of physical sciences and use statistical computing to describe
and analyze the data. Students will conduct two surveys/questionnaires to elicit people’s
understanding and attitudes toward physical science information.

At the end of this course, students will be expected to have achieved the following learning outcomes in
content, communication and critical thinking:

Content: Students will identify, describe, and explain the basic concepts, theories and
terminology of natural science and the scientific method, the major scientific discoveries and the
impacts on society and the environment; and the relevant processes that govern biological and
physical systems. Students will identify, describe, and explain physical science data
measurements; ways to apply the scientific method to test hypotheses regarding changes over
time in physical systems. Assessments will be made with in-class activities, projects, and exams.
Critical Thinking: Students will formulate empirically-testable hypotheses derived from the study
of physical processes or living things; apply logical reasoning skills effectively through scientific
criticism and argument; and apply techniques of discovery and critical thinking effectively to
solve scientific problems and to evaluate outcomes. Students will analyze and evaluate models
that test whether people’s attitudes toward physical processes depend on framing of choices.
Critically analyze data to confirm whether widely held views regarding climate change are
consistent with empirical data. Assessments will be made with in-class activities, projects, and
exams.

Communication: Students will communicate scientific knowledge, thoughts, and reasoning
clearly and effectively. Students will report on statistical analysis of people’s attitudes to choices
based on the framing of the choices. They will also report on statistical analyses of global
warming with numeric and graphical presentation. Assessments will be made with projects.



Required & Recommended Course Materials

IDS 2935 — Course Notes Packet — Available at on UF Canvas and my UF Webpage
Datasets and Computer Programs available on UF Canvas webpage

Coursework & Schedule

List of Graded Work
Assignment Description Requirements | Points
Attendance: will be taken daily and recorded in the
Canvas gradebook. You are allowed four “personal days”
Attendance for the semester, after which each absence that does 5
not meet university criteria for “excused” will resultin a
two-point deduction from your final grade.
Describing Data: Orlando monthly mean temperature Provide plots
. and Rainfall Totals. and numeric
Project 1 - 3
description of
your results.
Interpreting probabilities: Conduct a survey to measure Brief Report of
people’s understanding of the term “Probability of your results in
Project 2 Precipitation” for daily rainfall. graphical and 12
tabular form
and summary
Comparing Groups: Hypothesize what you would expect | Brief Report
to see with annual temperature data over the decades containing
1970s,1980, 1990s, 2000s. description of
Project 3 Obtain temperature data for a sample of cities around the data, 15
the world and compare the average temperatures by methods,
decade and analyze as a Randomized Block Design results,
(decades as treatments, cities as blocks). Do your data graphical plots,
conform to your hypotheses? and summary.
Categorical Data Analysis: Create an instrument to pose Brief Report
outcomes of a climate change intervention in terms of containing the
gains and losses. Conduct a survey of individuals and test | development
whether people’s choices differ when framed as gains or | of choice
Project 4 losses (prospect theory). Conduct a chi-square test to scenarios 15
determine whether incidence of cyclones varies by offered, tables
season across three latitude ranges in Antarctica. containing
results,

methods, and
summary.




Linear Regression: Fit linear trend models relating

Brief Report

average annual temperature (Y) to year (X) for a sample | containing
of 10 cities for years 1960-2020. description of
the data
Project 5 ’ 15
rojec methods,
results,
graphical plots,
and summary.
Obtaining numerical descriptive measures and graphs Provide
In-Class based on various experiment-based datasets answers to 3
Activity 1 worksheet
questions
Provide
In-Class answers to
Describi hvsical h ility distributi
Activity 2 escribing physical data with probability distributions worksheet 3
questions
Demonstration of statistical inference regarding Provide
In-Class sampling of professional athletes’ Body Mass Indices answers to 3
Activity 3 (BMI) worksheet
questions
Measure predictive ability of the forensic gender Provide
In-Class prediction method covered in class. answers to 3
Activity 4 worksheet
questions
. Students give report on how their views of climate
Self-Reflection .
change have been changed over the course of their Report 3
Assessment
semester.
Midterm Exam Oper?—boolf in-class exam relating statistical methods to Exam 55
physical science
-book in-cl lati istical h
Final Exam Oper? boo. in-class exam relating statistical methods to Exam 55
physical science
Total 130




Tentative Weekly Course Schedule

.. Topic/Assignment Assigned
Week/ Date Activit . .
/ ¥ (Question/Subject) Work Due
Week 1 Topic Introduction
8/24-8/26 P
Definitions and Terminology, Classic applications, Scientific Method, Data sources,
Summary .
Computational Software
Course Notes: Chapter 1 (6 pp)
The Oskar Klein Centre for Cosmoparticle Physics, “The Scientific Method,”
https://ssl.fysik.su.se/okc/internal/blog/art-and-science-project/the-scientific-method/
Readings/Works (Approx 3-4 pp)
Murphy, A.H., Lichtenstein, S., Fischhoff, B., and Winkler, R.L. (1980). “Misinterpretation
of Precipitation Probability Forecasts,” Bulletin of the American Meteorological Society,
Vol. 61, #7, pp. 695-701. (7 pp)
Describing data.
Week 2 Topic Numeric measures (mean, median, variance, standard deviation, correlations).
8/29-9/2 Graphical methods (pie charts, histograms, box plots, scatterplots, bar charts, time
series plots, control charts).
Describing historical physical data: Measurements of the speed of light (Michelson),
Summary

Parallax of the sun (Short). Temperature data over time.

Readings/Works

Course Notes: Chapter 2

History of Statistics 3: “Origin of Graphs in Statistics — William Playfair (1759-1823),”
Vermont Mathematics Initiative, Bob Rosenfeld (4 pp)

Michelson, A.A., Pease, F.G. and Pearson, F. (1935). “Measurement of the Velocity of
Light in a Partial Vacuum,” Astrophysical Journal, Vol. 82, pp. 26-61. (Description of



https://ssl.fysik.su.se/okc/internal/blog/art-and-science-project/the-scientific-method/

Week/ Date

Activity

Topic/Assignment
(Question/Subject)

Assigned
Work Due

experiment and tabulated data 36 pp — will only cover pictures, formulas and data
table).

Assignment

Project 1

9/2

Week 3
9/6-9/9

Topic

Developments in Measurement. Introduction to Normal distribution.

Summary

Francis Galton measures many physical characteristics of humans, plants, and animals.
Demonstrates that many natural measurements tend to follow normal distributions.
Shows that measurements involving hereditary and chance (environmental) influences
tend to “regress to the mean.”

Readings/Works

Course Notes: Chapter 2 (20 pp)

Pontes. E.A.S. (2018). “A Brief Historical Overview of the Gaussian Curve: From Abraham
De Moivre to Johann Carl Friedrich Gauss,” International Journal of Engineering Science
Invention, Volume 7, Issue 6, Ver V, June 2018, pp. 28-34. (7 pp)

Assignment

In-Class Activity 1 — Obtaining numerical descriptive measures and graphs based on
various experiment-based datasets

9/8

Week 4
9/12-9/16

Topic

Basic Probability

Summary

Developments of probabilistic reasoning in Europe. Problems involving dice and splitting
of prize in incomplete contests. Conditional Probability. Bayes’ Theorem. Applications
and examples.

Readings/Works

Lightner, J.E. (1991). “A Brief Look at the History of Probability and Statistics,” The
Mathematics Teacher, Vol. 84, #8, pp. 623-630. (8 pp)

History of Probability 2: “17th Century France The Problem of Points: Pascal, Fermat,
and Huygens,” Vermont Mathematics Initiative, Bob Rosenfeld (4 pp)




Week/ Date

Activity

Topic/Assignment
(Question/Subject)

Assigned
Work Due

History of Probability 4: “Inverse probability and the determination of causes of
observed events. Thomas Bayes (c1702-1761),” Vermont Mathematics Initiative, Bob
Rosenfeld (4 pp)

Yudkowsky, E.S. “An Intuitive Explanation of Bayes’ Theorem,”
https://www.yudkowsky.net/rational/bayes (Approx4-6 pages)

Course Notes: Sections 3.1.1-3.1.2 (6 pp)

Assignment

Project 2

9/15

Week 5
9/19-9/23

Topic

Random Variables, Probability Distributions and their applications

Summary

Binomial, Poisson, Normal, and Gamma families of distributions.

Binomial — Testing for defectives, Drug trials, Weather patterns

Poisson — Locations of Bombs in London During WWI|I

Normal — Lengths of physical characteristics, 1Q scores, Central Limit Theorem
Gamma — Rainfall amounts, Marathon running speeds

Readings/Works

Course Notes — Sections 3.2-3.4 (15 pp)
Bhatia, A. (2012) What does randomness look like? Wired 12.21.201 (~4-5 pp)

Assignment

In-Class Activity 2 — Describing physical data with probability distributions

9/22

Week 6
9/26-9/30

Topic

Sampling Distributions and Introduction to Statistical Inference

Summary

Central Limit Theorem, Interval Estimation, Hypothesis Testing

Estimating a population mean (true value) based on samples (repeat observations of
phenomena).

Testing hypotheses regarding the unknown population mean.

Readings/Works

Course Notes — Sections 3.5, Chapter 4 (13 pp)



https://www.yudkowsky.net/rational/bayes
file:///C:/Users/winne/AppData/Local/Temp/‘https:/www.wired.com/2012/12/what-does-randomness-look-like/

. . Topic/Assignment Assigned
B D Activity (Question/Subject) Work Due
Nuzzo, R. (2014). “Scientific Method: Statistical Errors,” Nature, Vol. 506, pp. 150-152
(13 February 2014). (3 pp)
Stark, P.B. and Saltelli, A. (2018). “Cargo-cult statistics and scientific crisis,” Significance
(https://www.significancemagazine.com/2-uncategorised/593-cargo-cult-statistics-and-
scientific-crisis) (Approximately 4 pages with Comments)
Ambhreim, V., Greenland, S., and McSane, B. (2019). “Scientists Rise Up Against Statistical
Significance,” Nature, Vol. 567, pp. 305-307. (21 March 2019). (3 pp)
(https://www.nature.com/articles/d41586-019-00857-9)
Efron, B. (2013). “Bayes’ Theorem in the 21 Century,” Science, Vol. 340, pp. 1177-1178.
(7 June 2013). (2 pp)
e | e g i
\1/\(/;:'_(12/7 Topic Introduction to Experimentation
Completely Randomized Designs — Designs to compare two or more conditions with
independent samples of experimental/observational units.
Block/Matched Designs — Designs to compare two or more conditions when units have
been matched or are each observed in the various conditions.
Summary Factorial Designs — Designs to measure the effects of two or more factors (variables) on

outcomes.
Chi-Square Tests — Tests for association between two or more categorical variables.

Linear Regression — Methods for studying associations among numeric and categorical
predictors on a numeric outcome.

Readings/Works

Course Notes — Chapter 5 (2 pp)



https://www.significancemagazine.com/2-uncategorised/593-cargo-cult-statistics-and-scientific-crisis
https://www.significancemagazine.com/2-uncategorised/593-cargo-cult-statistics-and-scientific-crisis
https://www.nature.com/articles/d41586-019-00857-9

.. Topic/Assignment Assigned
Week/ Date Activit . .
/ ¥ (Question/Subject) Work Due
History of Statistics 8: “Analysis of Variance and Design of Experiments — R.A. Fisher
(1890-1962).” Vermont Mathematics Initiative, Bob Rosenfeld (4 pp)
Assignment Midterm Exam 10/4
Week 8 Topic Comparing 2 populations — numeric outcomes —Independent and Paired samples
10/10-10/14 P paring 2 pop p p
s Independent sample t-test/Confidence Intervals — Case TBD
ummar
y Paired t-test/Confidence Intervals — Stroop interference effect (Psychology)
Course Notes — Chapter 6 (15 pp)
Readings/Works Livingston, E.H. (2004). “Who Was Student and Why Do We Care So Much About his t-
test?,” Journal of Surgical Research, Vol. 118, #1, pp. 58-65. (8 pp)
Assignment Project 3 10/14
Week 9 Tobic Comparing more than 2 populations — Completely Randomized and Randomized Block
10/17-10/21 P Designs
1-Way ANOVA for the Completely Randomized Design — Comparing 5 mosquito
Summary repellents

Randomized Block Design — Case TBD

Readings/Works

Course Notes — Sections 7.1-2 (21 pp)

Larson, M.G. (2008). “Analysis of Variance,” Circulation, Vol. 117, #1, pp. 115-121.
(Section on One-Way Fixed Effects ANOVA) (3-4 pp)

Week 10
10/24-10/28

Topic

Factorial Designs for multiple treatment factors

Summary

Additive Models — E-reader model type and illumination level on reading times




.. Topic/Assignment Assigned
Week/ Date Activit . .
/ ¥ (Question/Subject) Work Due
Interaction Models — Effects of Base diet (corn/sorghum) and methionine
(present/absent) on weights of broiler chickens
Course Notes — Section 7.3 (Will be approx. 10-12 pp)
Readings/Works Larson, M.G. (2008). “Analysis of Variance,” Circulation, Vol. 117, #1, pp. 115-121.
(Section on Two-Way Fixed Effects ANOVA) (3-4 pp)
Week 11 Tobic Categorical Data Analysis
10/31-11/4 P
Estimating and Testing a Proportion — ESP studies, Food/Beverage Tasting
Summary Comparing 2 Proportions (independent and paired samples) — Tests of prospect theory
Chi-square tests — Archaeological study of Paleoindian rock art in the Great Basin
Course Notes — Chapter 8 (14 pp)
Readings/Works Kahneman, D. and Tversky, A. (1979). “Prospect Theory: An Analysis of Decision Under
Risk,” Econometrica, Vol. 47, pp. 263-291. (29 pp, will only cover the empirical examples)
Assignment Project 4 11/8
Week 12 Tobic Simple Linear Regression and Correlation
11/7-11/11 P
Estimating a linear relation between a numeric predictor and a numeric response
variable — Galton’s measurements of height on adult children and their parents.
Summary

Measuring the correlation between two numeric variables — Correlations among
weather characteristics.

Readings/Works

Course Notes — Section 9.1 (12 pp)

Ward, B. “Anthropogenic Global Warming ‘Stopped’ in 1997 ... and in 1996, 1995, 1982,
1981, 1980, 1979, 1978 and 1972,”

10



Week/ Date

Activity

Topic/Assignment
(Question/Subject)

Assigned
Work Due

https://www.lse.ac.uk/granthaminstitute/news/anthropogenic-global-warming-

stopped-in-1997and-in-1996-1995-1982-1981-1980-1979-1978-and-1972/

(Approx 3-4 pp)

Week 13
11/14-11/18

Topic

Multiple Linear Regression

Summary

Models with multiple predictor (input) variables and a numeric response.

Readings/Works

Course Notes — Section 9.2 (11 pp)

Navid, M.A.l. and Niloy, N.H. (2018). “Multiple Regressions for Predicting Rainfall for
Bangladesh,” Communications, Vol. 6, #1, pp. 1-4. (4 pp)

http://www.sciencepublishinggroup.com/j/com/

Assignment

Project 5

11/29

Week 14
11/22,11/29-
12/2

Topic

Logistic Regression

Summary

Models for predicting binary responses (Presence/Absence) of a characteristic with one
or more predictor variables.

Prediction of gender from lengths of body parts in young adults.

Readings/Works

Course Notes — Section 9.3 (Will be approximately 5-7 pp)

Merenti-Valimaki, H-L, Laininen, P. (2002). “Analysing Effects of Meteorological Variables
on Weather Codes by Logistic Regression,” Meteorological Applications, Vol. 9, #2, pp.
191-197. (7 pp)

Assignment

In-Class Activity 4 - Measure predictive ability of the forensic gender prediction method
covered in class.

12/1

11
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. . Topic/Assignment Assigned
Week/ Date Activit . .
/ ¥ (Question/Subject) Work Due
Week 15 Tobic Course Review/Self Reflection
12/6-12/8 P
Summary
Readings/Works
. Self-Reflection Assessment — Students give report on how their views of climate change 12/6
Assignment .
have been changed over the course of their semester.
Assignment Final Exam 12/6

12




Statement on Attendance and Participation

Attendance and Participation:

Requirements for class attendance and make-up exams, assignments, and other work in this course are

consistent with university policies that can be found at: https://catalog.ufl.edu/UGRD/academic-

regulations/attendance-policies/

e Attendance: will be taken daily and recorded in the Canvas gradebook. You are allowed four “personal days”
for the semester, after which each absence that does not meet university criteria for “excused” will result in
a two-point deduction from your final total grade.

Grading Scale

For information on how UF assigns grade points, visit: https://catalog.ufl.edu/UGRD/academic-
regulations/grades-grading-policies/

A 92 — 100% of C 65-72%
possible points

A- 88 -92% \ C- 58-65%

B+ 84 — 88% J D+ 50-58%

B 80 — 84% \ D 45-50%

B- 76— 80% J D- 40-45%

C+ 72-76% \ E <40%

Students Requiring Accommodation

Students with disabilities who experience learning barriers and would like to request academic accommodations
should connect with the disability Resource Center by visiting https://disability.ufl.edu/students/get-started/. It
is important for students to share their accommodation letter with their instructor and discuss their access
needs, as early as possible in the semester.

UF Evaluations Process

Students are expected to provide professional and respectful feedback on the quality of instruction in this
course by completing course evaluations online via GatorEvals. Guidance on how to give feedback in a
professional and respectful manner is available at https://gatorevals.aa.ufl.edu/students/. Students will be
notified when the evaluation period opens, and can complete evaluations through the email they receive from
GatorEvals, in their Canvas course menu under GatorEvals, or via https://ufl.bluera.com/ufl/. Summaries of
course evaluation results are available to students at https://gatorevals.aa.ufl.edu/public-results/.
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University Honesty Policy

UF students are bound by The Honor Pledge which states, “We, the members of the University of Florida
community, pledge to hold ourselves and our peers to the highest standards of honor and integrity by abiding by
the Honor Code. On all work submitted for credit by students at the University of Florida, the following pledge is
either required or implied: “On my honor, | have neither given nor received unauthorized aid in doing this
assignment.” The Honor Code (https://www.dso.ufl.edu/sccr/process/student-conduct-honor-code/) specifies a
number of behaviors that are in violation of this code and the possible sanctions. Furthermore, you are
obligated to report any condition that facilitates academic misconduct to appropriate personnel. If you have any
guestions or concerns, please consult with the instructor or TAs in this class.

Class Demeanor

Students are expected to arrive to class on time and behave in a manner that is respectful to the instructor and
to fellow students. Please avoid the use of cell phones and restrict eating to outside of the classroom. Opinions
held by other students should be respected in discussion, and conversations that do not contribute to the
discussion should be held at minimum, if at all.

In-Class Recording

Students are allowed to record video or audio of class lectures. However, the purposes for which these
recordings may be used are strictly controlled. The only allowable purposes are (1) for personal educational use,
(2) in connection with a complaint to the university, or (3) as evidence in, or in preparation for, a criminal or civil
proceeding. All other purposes are prohibited. Specifically, students may not publish recorded lectures without
the written consent of the instructor.

A “class lecture” is an educational presentation intended to inform or teach enrolled students about a particular
subject, including any instructor-led discussions that form part of the presentation, and delivered by any
instructor hired or appointed by the University, or by a guest instructor, as part of a University of Florida course.
A class lecture does not include lab sessions, student presentations, clinical presentations such as patient
history, academic exercises involving solely student participation, assessments (quizzes, tests, exams), field trips,
private conversations between students in the class or between a student and the faculty or lecturer during a
class session.

Publication without permission of the instructor is prohibited. To “publish” means to share, transmit, circulate,
distribute, or provide access to a recording, regardless of format or medium, to another person (or persons),
including but not limited to another student within the same class section. Additionally, a recording, or
transcript of a recording, is considered published if it is posted on or uploaded to, in whole or in part, any media
platform, including but not limited to social media, book, magazine, newspaper, leaflet, or third party
note/tutoring services. A student who publishes a recording without written consent may be subject to a civil
cause of action instituted by a person injured by the publication and/or discipline under UF Regulation 4.040
Student Honor Code and Student Conduct Code
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Campus Resources:
Health and Wellness

U Matter, We Care: If you or someone you know is in distress, please contact umatter@ufl.edu , 352-392-1575,
or visit U Matter, We Care website to refer or report a concern and a team member will reach out to the student
in distress.

Counseling and Wellness Center: Visit the Counseling and Wellness Center website or call 352-392-1575 for
information on crisis services as well as non-crisis services.

Student Health Care Center: Call 352-392-1161 for 24/7 information to help you find the care you need, or visit
the Student Health Care Center website.

University Police Department: Visit UF Police Department website or call 352-392-1111 (or 9-1-1 for
emergencies).

UF Health Shands Emergency Room / Trauma Center: For immediate medical care call 352-733-0111 or go to the
emergency room at 1515 SW Archer Road, Gainesville, FL 32608; Visit the UF Health Emergency Room and
Trauma Center website.

Academic Resources

E-learning technical support: Contact the UF Computing Help Desk at 352-392-4357 or via e-mail at
helpdesk@ufl.edu.

Career Connections Center: Reitz Union Suite 1300, 352-392-1601. Career assistance and counseling services.

Library Support: Various ways to receive assistance with respect to using the libraries or finding resources.

Teaching Center: Broward Hall, 352-392-2010 or to make an appointment 352- 392-6420. General study skills
and tutoring.

Writing Studio: 2215 Turlington Hall, 352-846-1138. Help brainstorming, formatting, and writing papers.

Student Complaints On-Campus: Visit the Student Honor Code and Student Conduct Code webpage for more
information.

On-Line Students Complaints: View the Distance Learning Student Complaint Process
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COVID Information:

In response to COVID-19, the following recommendations are in place to maintain your learning environment, to
enhance the safety of our in-classroom interactions, and to further the health and safety of ourselves, our
neighbors, and our loved ones.

e If you are not vaccinated, get vaccinated. Vaccines are readily available and have been demonstrated to be
safe and effective against the COVID-19 virus. Visit one.uf for screening / testing and vaccination
opportunities.

e If you are sick, stay home. Please call your primary care provider if you are ill and need immediate care or
the UF Student Health Care Center at 352-392-1161 to be evaluated.

e As with any excused absence, you will be given a reasonable amount of time to make up missed work.
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