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1)  Identify class level, specify whether core, elective, or major requirement, any other pertinent information on class demographics.
BHP 215:  The Universe and the Origin of Life.  This is a BHP course and I plan to write a course proposal for this course to be a regular Rider core science class for non-science majors (see below). The purpose of the course is to convey to students both scientific information about the universe, our origins and the methods of science.  

2) What problems or questions about my students’ learning and my teaching strategies did I address?

Oftentimes when students take a core science class they learn the information but don’t see the bigger picture of the significance of the science to their lives. My hypothesis is that bringing together the mind and the heart will increase student learning. This becomes particularly evident in the remarkable scientific story of the universe and our origins. 
3) Did I rethink my course goals? 
My course goals are to present specific scientific information, the experiments on which they are based plus science as a way of discovering facts about the natural world. In addition I hope for my students to discover their ‘inner scientist’ so they use the scientific method to judge for themselves what to believe.  From the student examples (below) I have a long way to go!

4)  What methods did I use to gain information?
Students provided one-sentence summaries on each of 4 topics as windows into their thinking.  The topics were:  astronomy, chemistry, evolution and their overall view of the universe and the origin of life.  The one-sentence summaries provided the basis for discussion to help clarify misunderstandings.


5) What examples or evidence of student performance can I offer to illustrate how I 
drew conclusions? 

Integration of one-sentence summaries into the class helped to clarify for each student the big picture.  I think this method is helpful as an assessment technique to help see ‘the forest through the trees’.   It also clearly shows what topics need to be reviewed again.

Astronomy

I don’t have a good understanding of any of the science we’ve been talking about.

Since scientific discoveries have been wrong before, what are the chances that what we’re learning now is incorrect?

What is the relationship between the evolution of living organisms and our study of astronomy?

How do we begin to search for what will happen to our universe in the future?  Can human behavior have an effect on the universe?  What evidence do we have of the Big Bang?

We (scientists not me) can estimate how long ago the Big Bang , may have occurred in two different ways; ergo it’s twice as likely to be true/factual, if not a big part of the truth.

The progression of knowledge of the cosmos spread from planets out the nebulae.  Red shifts are used to determine how far away a star or nebula is.  It would be helpful to know what key things we should pay attention to in the readings before we read them to help us shift through technical jargon.

Chemistry

The line between physics and chemistry is a thin one that is often crossed.

What strikes me about chemistry as we’ve studied it thus far is that our entirety is made up of carbon.  I knew our bodies were but to think that our brains, what parts of us “think” are made up of the same thing is mind-boggling.

Everything – Nebulas, planets, animals, plants, us  -- everything within our universe is made up of different combinations of elements that were originally formed in he center of stars, that fuse hydrogen together to make helium, helium to make beryllium, etc, etc.

Chemistry explains how everything is put together, rather than how it got there.  It is based on atoms making up molecules, etc.

We are all made of stardust, which kind of raises my self-esteem, even though that doesn’t make sense.  I don’t know.  I feel prettier.  Hoorah elements and exploding stars.  God bless iron.

Evolution

The evolution activity made me think a lot more about evolution than I typically tend to do.  And I think it raised more questions for me than it answered because now I wonder how many species used to roam the earth that we never knew of, and why they became extinct – they were unfit for survival.
The randomness and amorality of nature is hard to believe.  This just happens and small change results in big problems.
It showed how tedious the process of evolution must have been.  It also made me question the validity of evolution.  How could it really work if it were really all up to chance?

Overall view of the universe and our origins

I asked myself, “why is my life so special?  Why am I here?  Why do I count?”  But, then I realized that every single person on this earth is just as important as me!

The chemicals from which we are made could have been created from our surroundings, so maybe, no most definitely, we should appreciate our surroundings.
Even though it took 9 months to create you, it took millions and millions of years of mutations and evolution to create humans.

It’s amazing to think of the vastness of the Universe, both in space and time, and of how many billions of things had to go exactly right for us to exist. So many millions of years for one cell to survive – yet it led to all the life around us.

6) What theories or debates about learning frame or illuminate my inquiry.

In the concluding comments from “Teaching Evolution more Effectively”, by Craig Nelson (Integrative and Comparative Biology, 48, #2, 213-225 (2008))

“Taking serious account of what is now known about teaching science effectively in college and university settings made a real understanding of evolution much more likely.  Doing so, while using evolution as a clear example of scientific excellence, presented science more effectively as a way of knowing and as a model of critical thinking.”
7) What have I learned so far?
Student feedback from the various science topics covered differed according to the method of instruction.  This underscores the value of using a combination of classroom techniques including regular class/discussion, inquiry activity, and film.  I plan to expand alternatives to regular class/discussion in the future.  These student feedbacks should increase the iterative aspects of the course and increase its effectiveness.

8) Where will I go from here?

I look forward to carrying the assessment one step further into the question of the difference between correlation and causation.  Scientific observation is open to falsification.  Specific examples need to be provided for the students and then they will be asked to give examples of their own.  For example: there is a correlation between a high fat diet and colon cancer but the same graph would appear if we graph income vs. colon cancer incidence.  An experiment would have to be performed comparing high and low fat diets in animals to show a causal relationship.   A science literate individual knows the difference between correlation and causation.

Below is the syllabus of a new course that is an outgrowth of this BRIDGE project.

COURSE NUMBER AND TITLE:

BIO 109:  From the Big Bang to the Origin of Life

NUMBER OF CREDITS:  3

COURSE TYPE: LECTURE
OBJECTIVES:

1. Identify, define and analyze the key points in the scientifically-based story of our origin.  This includes a review of the history as well as seminal experiments in astronomy/physics, chemistry, geology and biology.  This content will also serve as examples of critical thinking.

2. Identify, define and analyze the intersections among the sciences.  For example, the origin of life required the origin of the elements and molecules from which life evolved.

3. Analyze the transition from chemistry to biology and the origin of most basic processes of life.

4. Identify, define and analyze the steps in evolution and the process of genetics.

5. Identify the Universe Story as an underlying basis for sustainability as the study of our origins reveals that humans, all life and our planet are intimately related.

PURPOSE:


This is a core course for the non-science major.

Stories about the universe and our origins have been told for thousands of years and creation stories that all of us know are deeply embedded in our culture. The purpose of this course is to convey the story of our origin that has emerged from scientific insights obtained over the last 400 years. Our Universe began with the Big Bang and proceeded through the origin of the galaxies and the origin of the elements to the origin of our sun, earth and solar system.  The origin of the earth gave rise to the origin of life, evolution of bacteria, viruses, plants and animals, creation of ecosystems and ultimately the evolution of humans. This course includes histories of astronomy, chemistry, geology and biology for the purpose of giving students a sense of how far we have come in our thinking over the last several hundred years. 

We will proceed through the science slowly.  By doing so we can take the information from all of the sciences and reflect upon it. The result will be an enhanced appreciation for both the process of science and the awesome information we have learned about the natural world as well as ourselves. The scientific processes of data based decision-making and constructive criticism are methods that deserve the utmost respect by our culture.  Ultimately, this will lead to a broad consensus of ideas and a more productive participatory democracy.

COURSE DESCRIPTION:


This course is a non-major science core course focusing on the interactions among astronomy/physics, chemistry, geology and biology.  A consensus story has emerged about our origins from scientific insights obtained over the last 400 years. Many know this story thst began with the Big Bang and proceeded through the origin of the galaxies and the origin of the elements to the origin of our sun, earth and solar system.  The origin of the earth gave rise to the origin of life, evolution of bacteria, viruses, plants and animals, creation of ecosystems and ultimately the evolution of humans. We will proceed through the science slowly.  By doing so we can take the information from all of the sciences and reflect upon it. The result will be an enhanced appreciation for both the process of science and the awesome information we have learned about the natural world as well as ourselves. The study of our origins reveals that humans, all life, and our planet are intimately related.
METHODS OF EVALUATION:

Four quizzes (12.5% each)




50%

Paper







20%

Final Examination





20%
Class participation





10%

WEEK-BY-WEEK TOPICS TO BE COVERED (13 WEEKS):

Week One
Overview of course and introduction to astronomy. 




Ancient view of the Universe (earth based view) 





Aristotelian view of the Universe





Renaissance of astronomical thinking (sun based view) by 




Copernicus, Brahe, Kepler, Galileo and Newton





Modern view of the Universe – Einstein and Hubble

Readings:

Yavelow, Chapter 1, Astronomy pp. 8-15.

Hubble, Chapter 1 pp. 1-32 

Week Two
Origin of galaxies, stars and supernovae.  




Origin of the elements



Balance of gravitational forces and nuclear fusion creating 



stars




How big is the Universe? 

Reading:

Lightman, Chapter 6, The Size of The Cosmos pp 111-129.
Week Three
Chemistry and the structure of atoms and molecules.  




From Alchemy to Chemistry




Boyle, Lavoisier and Priestley




Periodic Table and the nature of the atom



Readings:

Yavelow, Chapter 2, Chemistry, pp.16-22.

Keen, Chapter 4, Where atoms come from:  We are all star stuff.  P 65-80.

Week Four
Chemistry and the structure of atoms and molecules (continued)




Review of Rutherford’s experiment proving the existence of the nucleus.  



How do we know that atoms are real?

Readings:

Lightman, Chapter 5 The Nucleus of the Atom pp 84-94

Asimov.  Chapter 1 Matter  p. 1-25.
Week Five 
Origin of the sun and our solar system.  




Discussion of accretion model of planet formation 



Where did the water come from?




Why are we here at this point in time?

Reading:

Kasting, The Origin of Water on Earth, pp 16-22.

Week Six
Geology, environmental chemistry, and the evidence for a dynamic planet




What is the function of the iron/nickel core of the earth?




What is the source of movement of tectonic plates?




Origin of simple biomolecules

Reading:

Yavelow, Chapter 3, Geology pp 23-27 

Yavelow, Chapter 4, Biology 28-35.

BioInquiry: Chapter 9, 241-271.

Week Seven
From Chemistry to Biology.  Metabolism




Where does the energy for life come from?




Importance of glucose and biochemical pathways.




Similarity of metabolism among all cells on earth

Reading:

Yavelow, Chapter 4, Biology 28-35.

BioInquiry, Chapter 10, 274-314.
Week Eight
From Chemistry to Biology.  Replication




DNA, RNA and proteins

Reading:

BioInquiry:  Chapter 6. 142-173.

Week Nine
Evolution from prokaryotes to eukaryotes and the origin of genetics




Cell structure and function




Genes and chromosomes

Readings:

BioInquiry: Chapter 4, 89-112.

Week Ten
Genetics and the origin of sexual reproduction



Meiosis and the development of haploid germ cells




Mendel and dominant and recessive traits

Readings:

BioInquiry: Chapter 3, 61-88.

Week Eleven
Evolution of plants and animals and the importance of cataclysmic extinctions



The Iridium paradox




Mutation, variation and selection

Readings:

Yavelow, Chapters 3 and 4.


BioInquiry: Chapter 2, 19-59.

Week Twelve
Migration and evolution of humans.




Experimental basis for human evolution from anatomy and 




genomics




From Africa to Europe and Asia




Evolution of intelligence and behavior

Readings:

Stradins,  maps of migrations of humans

Hillis , pp. 175-189 
Skinner, pp. 501-504.
Week Thirteen
  Sustainability and protecting our future 



Build up of carbon dioxide and climate change




World population growth and ideas on how to control it




Ideas for stabilization of world climate change

Readings:
Brown, Introduction

Socolow and Pacala, pp 50-58.

