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Course description as you want it to appear in the catalog:

ASTR PS/SI2040. Principles of Observational Astronomy (3) F
An introductory course in observational astronomy. Topics will include planetary, stellar, and galactic astronomy, with a focus on modern observational techniques, including digital imagery, spectroscopy, and observing with science-grade astronomical instrumentation. Cross-listed with PHYS 2040. Prerequisite: MATH 1060 (minimum grade of C).
Justification:

ASTR/PHYS 2040 is an introductory level astronomy course that is primarily taught in a laboratory-based, active-learning context. The course has been offered in the Fall, during the last three years.  The primary audience has been physics majors. The material in this course is fully appropriate for General Education Physical Science credit. This course focuses on the underlying physical principles that govern the behavior of objects in the physical world, particularly those beyond Earth’s surface. The hands-on, experiment-based approach is especially effective for conveying the nature of science. 
“Principles of Observational Astronomy” meets each of the goals described in the Natural Sciences General Education Mission Statement, the Natural Sciences Learning Outcomes and the Physical Science Specific Learning Outcomes.  The details of how these goals and learning outcomes are achieved are listed below. 
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NATURAL SCIENCES GENERAL EDUCATION MISSION STATEMENT

The mission of the natural sciences general education program is to provide students with an understanding and appreciation of the natural world from a scientific perspective.

Science is a way of knowing. Its purpose is to describe and explain the natural world, to investigate the mechanisms that govern nature, and to identify ways in which all natural phenomena are interrelated. Science produces knowledge that is based on evidence and that knowledge is repeatedly tested against observations of nature. The strength of science is that ideas and explanations that are inconsistent with evidence are refined or discarded and replaced by those that are more consistent.

Science provides personal fulfillment that comes from understanding the natural world. In addition, experience with the process of science develops skills that are increasingly important in the modern world. These include creativity, critical thinking, problem solving, and communication of ideas. A person who is scientifically literate is able to evaluate and propose explanations appropriately. The scientifically literate individual can assess whether or not a claim is scientific, and distinguish scientific explanations from those that are not scientific.

Physics is the study of the laws that govern the natural world.  By approaching topics such as the motion of planets, light produced by stars and affected by intervening material, fusion processes in stellar interiors, and concepts of heat and pressure within planetary and stellar atmospheres, students gain new appreciation for the universality of physical law.

Astronomy is full of excellent illustrations of the testing and evolution of scientific ideas.  Theories as well established as gravity and Einstein’s relativity continue to have new observations that further develop the theories.  In this course, students carry out observations, sometimes repeating prior experiments (such as discovering extra-solar planets) that revolutionized our understanding of the universe.
Students are encouraged to think critically about current theories and observations and their limitations. (What do we know?  How sure are we of what we know?)  They are then encouraged to go further, and think about what questions still remain. They are challenged to devise experiments that might contribute to answers to those remaining questions.  Forming ideas from a scientific foundation is emphasized throughout the course material, and applied in practice to the observational component of the course.
PHYSICAL SCIENCE GENERAL EDUCATION COURSES

An approved physical science general education course will prepare a student to fulfill all of the natural science and physical science learning outcomes outlined below.
NATURAL SCIENCES LEARNING OUTCOMES

After completing the natural sciences general education requirements, students will demonstrate their understanding of general principles of science:

1. 
Nature of science. Scientific knowledge is based on evidence that is repeatedly examined, and can change with new information. Scientific explanations differ fundamentally from those that are not scientific.
As described previously, astronomy has many examples of ideas that have evolved through the scientific process.  This includes our understanding of topics as fundamental as gravity and the nature of light, and less tangible concepts such as the atomic structure of matter, nuclear fusion and the origin of the elements.  In this course, students obtain and examine evidence of astronomical claims, mimicking original experiments with new objects or more recent data.  

2.    Integration of science. All natural phenomena are interrelated and share basic organizational principles. Scientific explanations obtained from different disciplines should be cohesive and integrated.
Physics aims to describe the underlying “laws” of the universe.  The concepts of forces affecting motion, energy being conserved, quantum mechanics needed to describe interactions at an atomic scale, etc are applicable to all fields of science. Astronomy carries these connections out into the universe as a whole, and adds connections to biology (astrobiology), chemistry (compositions of stars, nebulae and planetary atmospheres) and geology (formation and evolution of planets, moons and space debris). The underlying principles, however, remain the same.  For example, whether we are discussing radiation from stars, planets, nebulae or active galactic nuclei, we must consider blackbody radiation and the interaction of light and matter.
3. 
Science and society. The study of science provides explanations that have significant impact on society, including technological advancements, improvement of human life, and better understanding of human and other influences on the earth’s environment.
Throughout history advances in astronomy have impacted society.  Students are presented with scientific ideas in conjunction with practical applications and implications of those ideas.  For example, the development of the digital camera owes a debt to the development of early astronomical detectors.  Our early understanding of the greenhouse effect on Earth owed a debt to other, nearby “laboratories”: Mars and Venus. Our philosophical understanding of our place in the universe has changed as astronomy has obviously advanced, as we have found ourselves farther and farther from the center of all things.
4. 
Problem solving and data analysis.  Science relies on empirical data, and such data must be analyzed, interpreted, and generalized in a rigorous manner. 
This course is heavily focused on empirical data.  Students work with data extensively, learning to recognize the importance of quantifying errors, biases and limits.  Repeatedly throughout the course, students obtain real data, analyze it, interpret it, and then draw conclusions about the objects under scrutiny.  The course also emphasizes both the conceptual basis of physical laws as well as the use of equations and mathematics for problem solving.  Quantitative calculations and graphical illustrations are used throughout the entire course content to further students’ understanding of the physical laws used to describe nature.  Problem solving and data analysis form a portion of the students’ assessment and evaluation.  
PHYSICAL SCIENCE SPECIFIC LEARNING OUTCOMES
Students will demonstrate their understanding of the following feature of the physical world:

1. 
Organization of systems: The universe is scientifically understandable in terms of interconnected systems. The systems evolve over time according to basic physical laws.
Students learn to recognize “systems” in a variety of situations. For example, the system of atoms and molecules that comprises a nebula forms a system of a star and its companions.  Over time, the star evolves, and eventually the system is destroyed and returned to a nebular system.  Throughout the course, problems like this are approached by first identifying the systems involved.  Once this has been done, students then learn to analyze the interactions and evolution within a system or between two or more systems.
2. 
Matter: Matter comprises an important component of the universe, and has physical properties that can be described over a range of scales.
Matter is considered from the fundamental level of an atomic nucleus and orbiting electrons, up through the macroscopic scale of entire objects and groups of objects.  Students learn the basic properties of matter such as mass, density and electron energy levels.  The interactions of matter, such as molecular bonding and gravity, are also discussed.

3. 
Energy: Interactions within the universe can be described in terms of energy exchange and conservation.
Energy conservation is one of the fundamental principles emphasized in all physics courses.  Several physical problems can be solved by considering energy conservation, and students are given several opportunities to apply this concept.  This course examines several different forms of energy, including mechanical energy, electrical energy, light energy, heat, etc.
4. 
Forces: Equilibrium and change are determined by forces acting at all organizational levels.

All four physical forces are addressed at some level.  Gravity and the electromagnetic force, as well as the strong nuclear force are all used in detail.  The weak force is treated at a level appropriate to the mathematics background of these students. 
COMPLETE THE FOLLOWING
1.
Has this proposal been discussed with and approved by the department?



Yes.
2.
List those general education courses in other departments with similar subject matter and explain how this course differs.

The Elementary Astronomy course covers conceptual astronomy.  In that course, some instructors include observations of the night sky.  However, Elementary Astronomy is not as data-driven or hands-on as Principles of Observational Astronomy, which is nearly entirely project-based. 
3.
If the proposed new general education course affects course requirements or enrollments in other departments, list the departments and programs involved and attach comments from each.

This course will be taken by students who would probably otherwise take ASTR/PHYS1040, but who are seeking an introduction to astronomy that is less conceptual in nature.  We do not anticipate an effect on enrollments in other departments.  
4.
Attach a topical outline of the course.  Include the number of contact hours per week and the format of these hours (e.g., lecture, lab, field trip, etc.).

New Courses Only: 

5.
Discuss how you will assess student learning outcomes associated with this course

N/A  

Current General Education Courses and Existing Courses Seeking General Education Status:  

6.
Discuss how you have assessed the applicable or identified student learning outcomes associated with this course.

This is not a new course, but a current course for which we are now seeking general education status. Student outcomes have been assessed through laboratory work, projects, exams and homework assignments.  
7.
How has this assessment information been used to improve student learning?

This course is a hands-on, project-based course, in which students begin by following detailed instructions for carrying out astronomical observations, and proceed to independent project design and analysis.  The introductory lab activities, in particular, are in a constant state of review and revision, as student pre- and mis-conceptions change or become clear. 

For example, in the first offering of the course, it became apparent that students did not know how to access or read the scientific literature.  A new assignment was created, focused on teaching the students to conduct a literature review.  Then this skill was applied repeatedly in later coursework, in which students were asked to delve into the literature to develop a project or support their findings. 

As another example, while students tended to perform well on a pre-packaged activity to detect an extrasolar planet, they could not determine the mass of a planet from the orbit of its moons in an inquiry-based activity (these two problems are essentially inverses of one another---the physics is the same, but you solve for a different quantity).  Through discussions with students, it became clear that visualizing the 3-D motion of the objects in question was the stumbling block.  Students now use an applet before coming to class to view similar systems from varied viewpoints, clarifying the 3-D motions of these types of system.
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