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University of Wisconsin – Madison 
 
Integrated Liberal Studies 153  
Ways of Knowing in the Sciences 
 
Credits: 4 
Each credit hour requires 45 hours of learning activities, which covers lectures, writing 
assignments, and out-of-class science activities. 
Provides Physical Science credit. 
 
Lecture: TR 12:05-12:555 PM 
Spring 2021 
 
In-person lectures, small group work, and whole class discussion  
 
INSTRUCTOR AND TEACHING ASSISTANT   
   
Instructor: 
Professor Basil Tikoff, Geoscience  
 
Availability: 
Office hours: T 1:30-2:30pm, or by appointment 
 
Contact: 
Office: 176 Weeks Hall 
Phone: 262-4678  
Email: basil@geology.wisc.edu (preferred mode) 
 
Teaching assistant:  
Eneas Torres Andrade 
Email: torresandrad@wisc.edu (preferred mode) 
 
Availability: 
Office hours: Wednesday 2-3:30pm, or by appointment 
 
OFFICIAL COURSE DESCRIPTION  
This is introductory science course for non-science majors provides an overview of 
scientific discovery and the nature of science. It will explore science as a process of 
inquiry through five broad scientific concepts representing a range of disciplines: 
astronomy, geology, physics, chemistry, biology, ecology, and atmospheric sciences. 
 
LEARNING OUTCOMES  
This course is about how scientists figure things out.  To put it more formally, it is about 
how people make sense of the natural world.  The different methods scientists use, the 
ways they work as a community, and how that community interacts and reflects the larger 
society are integral (and interesting) parts of this process.  Further, we will try to illustrate 
how scientists do follow a set of guiding principles and approaches that lead them 
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through their pursuit of understanding the natural world.  The underlying theme of a lot 
of what we will talk about is scientific uncertainty.   
 
There are some things that we want you to get out of this class: 
 

• How scientists figure things out about how the natural world works.  To 
recognize what science is, and what it is not. 

 
• The use of evidence-based arguments in science, which includes quantitative, 

spatial, and statistical thinking.  To recognize sloppy science or fake science, 
when it is masquerading as science.  It involves recognizing logical fallacies, 
and not confusing causation with correlation.  

 
• To think about the world in a different way.  To realize that your well-being in 

life depends on knowing some science. 
 
Because this is an ILS class, we are going to be stretching outside of science.  Some of 
the topics that we will talk about in this course include: 
 

• Scientists use several different strategies for building scientific arguments 
from data 

 
• There are differences between scientific ways of knowing and other ways of 

knowing 
 

• Scientific data are collected in a variety of ways, and each way produces 
different kinds of data 

 
• Uncertainty is inherent in scientific data and interpretation and this plays an 

important role in scientific practice 
 

• Scientists and the scientific community are both inherently skeptical and 
conservative (not in the political sense of the word) 

 
• Science is done by human beings with individual, disciplinary, and cultural 

differences 
 

• Science and the media interact to inform the public about scientific issues; 
there are significant limitations and problems with this interaction 

 
• The ways in which science interacts with economics, social norms, politics 

and religion affect both the trajectories and public perceptions of scientific 
inquiry  

 
Course philosophy and goals: Our philosophy for teaching this course arises from our 
deep interest in science and our desire to teach these subjects in a better way for non-
science majors.  Our hypothesis is that learning how to acquire and utilize scientific 
knowledge is more relevant to citizens than the particular subject matter of any one 
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discipline.  You will all – without exception - have to make decisions that require some 
scientific knowledge, whether about yourself, your family, your community, your local 
environment, or your government.  Our main goal is that this class will help you to 
recognize the most important information in a question that involves science and develop 
the scientific reasoning skills you need to make these decisions. 
 
Another objective is to make this class an engaging learning experience. We will ask you 
to reflect upon your own learning process, and we will try to foster this through a variety 
of short assignments throughout the semester. Our hope is for you to reveal to us - and to 
yourself - what you learn over the course of the semester. You are a critical part of this 
course, and your personal connection to the material will not only help you to make better 
sense of the things we talk about, but will help us chart the direction that we take during 
the semester. 
 
Course organization: This course has multiple sections: Introduction to scientific ways of 
knowing, logical thinking, uncertainty, and quantitative thinking; Planetary motion 
(Heliocentrism); Origin of the Universe (Big Bang); Plate Tectonics; and Climate Change.  
The course does not have a separate laboratory, but the classes will involve a combination 
of lectures and group activities. Attendance and contribution are graded (see below). 
 
Accessibility: If you have any special circumstances that you believe will affect your 
ability to gain the most from this course (such as hearing, visual or learning disabilities or 
language differences), please let us know and we can make appropriate accommodations. 
The McBurney Disability Resource Center (263-2741) provides excellent resources for 
students with disabilities. Please contact them to receive documentation of disability in 
order to receive official university services and accommodations. 
 
GRADING 
 
Student Assessment: This four-credit course satisfies the physical sciences requirement 
at UW-Madison. Your final grade will be calculated using the following weighting: 
    10% quizzes 
    25% weekly writing assignments 
    20% homework 
    5% in-class engagement and group activity 
    5% participation in discussion readings 
    35% exams 
 
Quizzes (10%):  

There will be a 4-minute quiz at the beginning of every class.  It will be on the 
videos and the reading for that particular the class period.  You are not going to be 
able to contribute to the conversation if you haven’t done that work, so this is the 
way to encourage you to do it.  These quizzes are not designed to be difficult, but 
they do require that you read the material and listen to a lecture, presentation, 
and/or video.  There are no quiz makeups, so we will drop the lowest three 
quizzes.  If you are sick or out for an extended period of time, contact the 
instructor. 
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To be clear, there will generally not be a lecture during the class time.  Rather, we 
will be discussing the readings and ideas, or doing something that uses that 
information.  So, the class is “flipped”.  The lectures are no more than 20 minutes 
(I’ll aim for 15 minutes), and there will rarely be more than two of them for any 
day.  If you – as a group - really hate the flipped lecture format, we can reconsider 
the approach.   

 
Weekly writing assignments (25%):  

We will have writing assignments due each week that are designed to help you 
make connections between the readings, lectures, and class discussions. These 
will include questions that will allow you to demonstrate your grasp of the 
scientific content and your reflections on the nature of science. Some weeks, the 
assignments will simply be finding a newspaper article about something scientific 
and reporting on it.  These are due on Mondays.  Assignments are due on the 
assigned date and late assignments will not be accepted. There will be no makeup 
assignments. 

 
As part of the weekly assignments, we would like you to regularly peruse the 
Science Times that is published by the New York Times and is available at: 
http://www.nytimes.com/pages/science/index.html every Tuesday. We ask that 
you read at least two articles each week in full.  Sometimes, an assignment will be 
from the NY Times.  This assignment is due electronically before class on 
Monday.  

 
Homework (20%) 

We will be assigning weekly problem sets.  The goal of these is to develop your 
quantitative and spatial thinking skills. In some ways, I dislike the homeworks, 
because students fall into the “high school trap” of whether someone got the right 
answer.  The homeworks are relatively easy, because I don’t want people with 
math anxiety to freak out.  Science isn’t really about canned problems and getting 
the right answer; science is more about what is the right question. What you want 
to do with the homeworks is develop the scientific skills you need think about 
issues critically.  We will devote one class per week to working on them in class 
(Wednesdays in the current plan) – in small groups – to help you will feel 
comfortable doing the remainder of the assignment by yourself.  You will hand it 
in the following Wednesday. 

 
In-class engagement and group activity (5%) 

In-class activities, traditionally reserved for a separate laboratory, will be 
incorporated into the lectures. Consequently, we ask that you work in small 
groups in a productive manner.  Attendance and engagement (productively 
working with other class members, being respectful of other viewpoints, etc.) is 
part of your grade.  Just showing up is not enough – you must be an engaged 
member of this learning community. 
Some days we will just do some reflective writing.  Some days we will do small 
exercises. 
 

Discussion activity (5%) 
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You are assigned to a discussion session either at Tuesday at noon or Thursday at 
4 pm.  We made these discussions, because it will be easier to have fewer people 
when talking through an article.  Five percent of your grade is contributing 
usefully to the discussion, which means you need to carefully read the material 
(often, more than once).  That also means that you need to be considerate of 
others.   

 
Mid-semester exams (20%):  

There are two mid-semester exams, that will cover the material up to that section 
of the course.  Each mid-semester exam is worth 10% of your overall grade.  The 
format will be essay/short answer. 

 
Final exam (15%): 

The final exam will be a cumulative essay and short answer exam, which reflects 
the overarching themes we explored during the semester. 

 
Notes: The schedule is subject to change, as the semester and this course progress.  This 
class is adjusted to the needs and progress of the students. 

 
 
EXAMS, QUIZZES, PAPERS & OTHER MAJOR GRADED WORK  

• The exams need to reflect your personal work.   
• You will be given a list of important topics about each section of the class prior to 

the exam, which will act as a guide to what is on the exam. 
• The final exam is cumulative. 

 
 
HOMEWORK & OTHER ASSIGNMENTS 

• You will be allowed to work with other students on the homeworks during class 
time.  You must acknowledge who you worked with.   

• All writing assignments are required to be entirely your own work.  They must be 
handed in at the beginning of class when they are due.  The assignments must be 
typed and proofread.   

 
 
REQUIRED TEXTBOOKS 
 
Singh, S.  (2005) Big Bang: The Origin of the Universe. Harper Perennial. 
 
Bryson, W. (2003).  A short history of nearly everything.  New York City, USA: Random House 
(Broadway). 
 
Pollack, H. N. (2003). Uncertain Science...Uncertain World. Cambridge, UK: Cambridge 
University Press. 
 
Weart, J.  (1995) The Discovery of Global Warming – A History. Boston, USA: Harvard 
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University Press. 
 
Recommended (we have readings from it): 
 
Shermer, M. (1997) Why people believe weird things.  New York City, USA: Henry Holt and 
Company. 
 
Numerous readings (all available on Learn@UW) are also required. 
 
A Note on the Readings: It is important that you complete the assigned readings before 
class, as discussion will depend on your contribution in both small and large groups. There 
will be many opportunities for you to share your ideas and interests with the class via these 
discussions, so it is imperative that you come to class prepared. We will try to provide 
guiding questions that are meant to get all of us thinking about the reading and how they 
relate to the course goals. However, in addition to this we expect you will bring your own 
questions to class and be prepared to share them in discussion. This includes any 
clarifications you would like us to make, as well as thoughts you had as you were doing 
the readings. We always take notes as we read, and we suggest that you may want to do 
the same. 
 
RULES, RIGHTS & RESPONSIBILITIES 
See the Guide’s to Rules, Rights and Responsibilities 
 
ACADEMIC INTEGRITY 
By enrolling in this course, each student assumes the responsibilities of an active 
participant in UW-Madison’s community of scholars in which everyone’s academic work 
and behavior are held to the highest academic integrity standards. Academic misconduct 
compromises the integrity of the university. Cheating, fabrication, plagiarism, 
unauthorized collaboration, and helping others commit these acts are examples of 
academic misconduct, which can result in disciplinary action. This includes but is not 
limited to failure on the assignment/course, disciplinary probation, or suspension. 
Substantial or repeated cases of misconduct will be forwarded to the Office of Student 
Conduct & Community Standards for additional review. For more information, refer to 
studentconduct.wiscweb.wisc.edu/academic-integrity/. 
 
ACCOMMODATIONS FOR STUDENTS WITH DISABILITIES 
McBurney Disability Resource Center syllabus statement: “The University of 
Wisconsin-Madison supports the right of all enrolled students to a full and equal 
educational opportunity. The Americans with Disabilities Act (ADA), Wisconsin State 
Statute (36.12), and UW-Madison policy (Faculty Document 1071) require that students 
with disabilities be reasonably accommodated in instruction and campus life. Reasonable 
accommodations for students with disabilities is a shared faculty and student 
responsibility. Students are expected to inform faculty [me] of their need for instructional 
accommodations by the end of the third week of the semester, or as soon as possible after 
a disability has been incurred or recognized. Faculty [I], will work either directly with the 
student [you] or in coordination with the McBurney Center to identify and provide 
reasonable instructional accommodations. Disability information, including instructional 
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accommodations as part of a student's educational record, is confidential and protected 
under FERPA.” http://mcburney.wisc.edu/facstaffother/faculty/syllabus.php 
 
DIVERSITY & INCLUSION 
Institutional statement on diversity: “Diversity is a source of strength, creativity, and 
innovation for UW-Madison. We value the contributions of each person and respect the 
profound ways their identity, culture, background, experience, status, abilities, and 
opinion enrich the university community. We commit ourselves to the pursuit of 
excellence in teaching, research, outreach, and diversity as inextricably linked goals. 
 
The University of Wisconsin-Madison fulfills its public mission by creating a welcoming 
and inclusive community for people from every background – people who as students, 
faculty, and staff serve Wisconsin and the world.” https://diversity.wisc.edu/  
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Course Schedule:  
Reading assignments are to be completed by the lecture meeting on the date indicated.   
Homework assignments will be handed out in class the Friday before they are due, and handed in at the 
beginning of class on the due date.  Bold indicates the reading/article to be discussed each week. 
 
Date  Class Topic     Reading 
Theme of the week: Ways of Knowing in Science; Evidence; Uncertainty 
Jan. 25 Topic: Course Overview:  Scientific ways of knowing 
   Activity: Syllabus Review & Outlining Course Expectations 
   
 27 T: Ways of Knowing in Science  Bryson, Introduction 
   A: Discussion of Uncertainty  Pollack, Ch 1 
          
 
 29 T: Evidence & Values   NYTimes: Elevating Science 

A: Discussion of Values; Evidence  Henry James’ Speech 1887 
     20 Scientific Attitudes 

 
   T or R Discussion article: Feynman, Uncertainty of Science 
 
The Solar System; Ways of Knowing: Natural Observation 
Feb. 1 T: Eratosthenes & Equinoxes  Bryson, Ch 1 
  A: Globes & Laser Pointers  Singh, Ch 1: p. 1-20 
  
  3 T: Ptolemny & Copernicus  Bryson, Ch 2 
  A: Eratosthenes Activity   Singh, Ch 1: p. 20-60 
       Blog: Natural Philosophy 
    
  5 T: Brahe & Kepler   Bryson, Ch 3 
  A: Discussion: Who is a scientist?  Singh, Ch 1: p. 60-80 
  
   T or R Discussion article: NY Times & Bronowski 
 
The Solar System; Ways of Knowing: Experimentation 
Feb. 8 T: Galileo – Astronomy   Bryson, Ch 4 
  A: Graph Reading   Shermer, Ch 1 
 
  10 T: Galileo – Experimentation  Bryson, Ch 7 
  A: Rolling balls on ramps   Shermer, Ch 2 
   
  12 T: Galileo & the Church   Feynman, Cargo Cult Science 
  A: Discussion of Readings    
  
   T or R Discussion article: Galileo - Excerpts 
 
The Solar System; Ways of Knowing: Theoretical 
Feb. 15 T: Newton & Theoretical approaches NY Times, Math blog 
  A: The beauty of math   TBD 
 
 17 T: Newton & the three laws  Shermer, Ch 3 
  A: Scale model of solar system  Singh, Ch 2: p. 47-65 
 
 19 T: Einstein & Eddington   Bryson, Ch 8, 9 
  A: Scientific Law, Theory, Hypothesis Singh, Ch 2: p. 65-85 
 
  T or R Discussion article: Newton - Writings 
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The Milky Way 
Feb. 22 T: Leavitt    Singh, Ch 3 
  A: Relation of Deduction & Induction   
 
 24 T: Hubble & Red Shift   Singh, Ch 4: p.  
  A: Standard Candles    
 
  26 T: Gamow & CMB   Singh, Ch 4: p.  
   A: Standard Candles   
 
  T or R Discussion article: Lightman, Metaphor in Science 
 
Big Bang 
March 1 T: Big Bang    Singh, Ch 5 
  A: TBD 
 
 3 T: Big Bang    Singh, Epilogue 
  A: The arc of “Big Bang”   
 
  5 EXAM #1 
 
  T or R Discussion article: NYTimes: Discovering the Higgs Boson 
  

PLATE TECTONICS 
March 8 T: Hutton & the science of Geology  Bryson, Ch 5 
   A: Geology overview   Pollack, Ch 1, 2  
 
  10 T: The fossil record   Bryson, Ch 6, 21 
   A: Space-for-time   Pollack, Ch 3,4 
          
  12 T: Lyell & Uniformitarianism  Bryson, Ch 19 
   A: TBD     Pollack, Ch 5,6 
 
   T or R Discussion article: TBD 
 
Natural History: Continental Drift 
March 15 T: Wegener & Continental Drift  Bryson, Ch 12 
   A: Understanding Isostacy   Wegener, Ch 2 
         Pollack, Ch 7    
 
  17 T: Evaluation of Continental Drift  Oreskes, Introduction 
   A: Rates and Time   Oreskes, Ch 3 
         Pollack, Ch 8 
 
  19 T: Rejection of Continental Drift  NY Times, Marie Tharp Obituary 
   A: Discussion of Oreskes vs. Pollack Oreskes, Introduction 
         Pollack, Ch 1, 9 
 
   T or R Discussion article: Darwin, Origin of Species 
Plate Tectonics         
March 22 T: Plate Tectonics   Oreskes, Ch 10 
   A: Mid-ocean ridges   Bryson Ch 13, 14 
         Pollack, Ch 10 
 
  24 T: Plate Tectonics   Bryson Ch 15, 22 
   A: Radioactivity    Pollack, Ch 11 
 
  26 T: Age of the Earth   Bryson Ch. 10 
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   A: Discussion: Scientific Integrity  Pollack, Ch 12  
 
  T or R Discussion article: Oreskes video (Why we should trust scientists) 
 
Plate Tectonics 
March 29 T: The plate tectonics revolution  TBD 
   A: The Arc of Plate Tectonics   
 
   Discussion article: TBD 
 
  31 EXAM #2  
    
Apr. 2 OFF          

 
CLIMATE CHANGE 

Thinking about Earth’s Climate 
April 5 T: Science & Truth   Oreskes, Merchants of Doubt video 
   A: Discussion of Oreskes video  Bryson, Ch 16 
 
  7 T: Climate Change   Weart, Introduction  
   A: Statistics & Probability   Bryson, Ch 17   
 
  9 T: Climate Change to Callendar  Weart, Ch 1 
   A: An inconvenient truth   Bryson, Ch 18 
           
   T or R Discussion article: Oreskes, Science 
         
The Possibility of Climate Change 
April 12 T: Keeling Curve: Role of CO2  Weart, Ch 3 
   A: An inconvenient truth & discussion Bryson, Ch 20 
 
  14 T: Statistics & t-tests   Weart, Ch 4 
   A: t-tests & ice out       
  
  16 T: Numerical models   Weart, Ch 5 
   A: Vostock core     
          
   Discussion article: TBD 
 
One major problem solved; another big problem unresolved 
  19 T: Systems-based thinking   Weart, Ch 6 
   A: TBD     NYTimes: Losing Earth 
 
  21 T: The ozone hole   Weart, Ch 7 
   A: bathtub math     
   
  23 T: IPCC     Weart, Ch 8 
   A: TBD       
 
  T or R Discussion article: NY Times Magazine 
  Losing Earth: The Decade We Almost Stopped Climate Change 
 
The CO2 keeps rising 
  26 T: Systems-based thinking   Weart, Ch 9 
   A: TBD     TBD 
 
  28 T: Systems-based thinking   IPCC Summary 
   A: Scale model of atmosphere   
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  30 T: New Ways of Science   IPCC Summary 
   A: Science & your future    
 
   T or R xDiscussion article: Weart, Reflections 
 
May 2 7:25-9:25 pm, Final exam:  
   comprehensive, emphasis on material covered since last midterm exam 
 
 
 


