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Department of Physics and Astronomy Self-Study Executive Summary 
 

The learning goals for physics majors at Millikin University are: 
 

1. Students will solve complex problems that require integrating knowledge from a 
variety of subfields, including classical mechanics, classical electrodynamics, 
thermodynamics, atomic and nuclear physics, and quantum mechanics, as well as 
incorporating sophisticated mathematical techniques such as partial differential 
equations, tensor mathematics, calculus of vector fields, and linear algebra. 

 
2. Students will follow the scientific method to design and carry out informative and 

professionally interesting experiments, utilizing laboratory techniques sufficiently 
advanced as to allow an easy transition to graduate school or industry. 

 
3. Students will effectively communicate scientific knowledge to general audiences as 

well as colleagues in the field via oral presentations, formal journal articles, and 
writing for the layperson. 

 
To measure student learning with respect to these goals, the department assesses students at 
during all four years of their time at Millikin, using feedback from assessments at each level 
to guide improvement. Assessment methods involve a test which can be compared against 
national baselines, a test developed by the Educational Testing Service and given to physics 
majors across the country, and departmentally-developed rubrics assessing the ability of 
students to design and carry out research projects and to communicate the results of that 
research both orally and in writing. For the 2013-2014 AY, the department rates student 
learning for goal 1 as Yellow/Red, goal 2 as Green, and goal 3 as Green. 
  

 
Respectfully submitted by Casey Watson, on 7/01/14. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Department of Physics Page 3 8/18/2015 housd [in the Leighty-Tabor Science Center (LTSC), which opene [in 2002, an [provides an adequate facility for the teaching of physics.   The number of students who are physics majors has grown significantly over the past three years. As of Fall 2004, there was one sophomore and thrde freshmen physics majors. During the 2012-2013 year, we gra uated six students, Joe Cheeney, Bret Henderson, Eddie Pluhar, Chris Pelikan, Nikki Tipsword, Jamiahus Walton, and in the 2013-2014 year, we gra uated five students, Brian Barry, Josh Monroe, Brad Rucker, Syed Salik, and Liyang (Leon) Yu. Brian is taking his actuarial exams, Josh plans to apply to continue doing dark matter research with Casey and then apply to gra uate[programs in physics this fall, Brad is working with his father �² who works with solar cells, Syed is attending medical school, and Leon plans to combine his physics and business training. Due to the large numbers of gra uates in our two most rdcent classes, our numbers are down a bit, but still far exceed the one major we ha  in 2003.  In Fall 2014, we expect to have thrde seniors, thrde juniors, two sophomores, and five freshmen enrolled as physics majors.  Most students who pass through courses in Physics or Astronomy are not physics majors, but part of �W�K�H���G�H�S�D�U�W�P�H�Q�W�·�V���H�[�W�H�Q�V�L�Y�H���V�H�U�Y�L�F�H���W�R���W�K�H���8�Q�L�Y�H�U�V�L�W�\ (typically at least 100 non-major student enroll in our introductory physics and astronomy courses each semester)
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components of the physics experience, respectively, and heavily integrate modern pedagogy, 
specifically active learning, peer instruction, and inquiry-based methods. (These methods are 
also used heavily in our other introductory courses -  PY 100 and 101 and PY 111 and 112, 
which primarily serve non-majors, and are even incorporated (to a somewhat lesser degree) 
in our advanced courses as well.)  
 
Every course we teach above the freshman level is offered every other year (except for 
Senior Research, for obvious reasons). Therefore, the exact path a student will follow 
depends on whether s/he enters during an odd or an even year. Here, we explain what a 
student entering in Fall 2014 would take. As sophomores, Physics majors would take PY 
253, an introduction to Modern (20th-century) Physics, and PY 325, Mathematical Physics. In 
Modern Physics, students will be introduced to Mathematica™, the most popular and 
powerful computational and analysis software package, and in Mathematical Physics, they 
will focus on integrating knowledge from a variety of math classes as well as filling in gaps of 
material not commonly covered in traditional mathematics courses. In both of these courses, 
they will also begin the process of learning how to write scientific articles as well as present 
their research orally in a seminar-style symposium. 
  
During their junior year, physics majors will take PY 262, Experimental Physics I, focusing 
on Electronics, which will introduce them to National Instruments’ LabVIEW™, the 
industry and academic standard in experimental control and data acquisition. In the spring, 
they would take PY 362, Experimental Physics II, where they would focus on data 
acquisition and experimental design. These courses are where students will first experience 
substantive experimental design, and will also involve instruction in writing of scientific 
papers. The courses will culminate in seminar-style presentations that will be open to other 
physics majors, minors, and faculty. Similar presentations will occur at the end of the junior 
and senior years, at the end of which students will present work from a senior research 
project. In addition, they will complete the two-term Electrodynamics sequence (PY 
403/404).  
 
As seniors, the only core physics courses left would be Theoretical and Applied Mechanics 
(PY 352) and Quantum Mechanics (PY 406), along with their Senior research project 
(PY481/482). The relative absence of physics courses from the senior year is intentional, so 
that students preparing to take the GRE in the fall of their senior year are as prepared as 
possible and all students have ample time to complete their capstone research projects. 
 
Along with these courses will be a number of math and other science classes, such as 
Physical Chemistry (cross-listed with Chemistry), depending on student interest and career 
goals. These courses are primarily theory-based, and will involve extensive integration of 
material from a variety of classes and fields.  
 
A key component of the Physics program at Millikin is that each student will design their 
own major, in consultation with their advisor and any other relevant faculty. This allows for 
greater flexibility in the curriculum, which experience shows is highly desirable to many 
students. Because of the flexibility in the program, advising is especially important. Since 
each student’s interests and goals influence what classes they take and what path they take 
through Millikin, a process of regular reflection on what he or she has done and want to do 
is necessary to make the courses fit specific needs. The department has designed documents 
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For goals 2 and 3, we have developed rubrics which will produce numerical results that can 
be used to assess learning, but the core of the evaluation process will be the discussion 
between the student researcher, faculty, and other students. In the future, we expect to be 
able to analyze student research and presentations in sophomore, junior, and senior courses. 
This will allow for a three-year process wherein students can reflect on their work and use 
the evaluations to improve their presentations and experimental design each year.  
 
Note: In 2010, we modified the expectations for three of the following rubrics, since 
students take courses in different orders, it is more important to judge them based on the 
number of times they’ve done the work, not the number of the course. Because we have a 
small number of students, it is fairly straightforward to track which students fall into which 
category. 
 
Goal 2: Students in PY 253, PY 362, and PY 481/482 will design experiments that (in PY 
253 and 362, and perhaps 481/482) have known results so that the experimental design can 
be checked for errors. Students may also present their experimental designs to faculty and 
other students who will review their procedure. The rubric for evaluation is as follows: 
  

Item Criteria 

 Excellent Adequate Unsatisfactory 

Background 
Research 

[5 points] 
A thorough explanation and analysis of 
previous work, development of 
appropriate and insightful study 
questions and hypotheses, synthesis into 
a coherent proposal. 

[3 points] 
Shows some evidence of 
the process but fails to 
meet a significant 
amount of criteria for 
excellence. 

[1 point] 
Restates some general ideas or 
issues but shows no evidence 
of analysis or understanding of 
what has come before. 

Research 
Design 

[5 points] 
Reasonable, efficient, and practical 
approach to acquiring results. Research 
doable in time available and with 
resources available. Uses scientific 
method and results address study 
questions and hypotheses. External 
influences well-controlled or 
understood. 

[3 points] 
Shows some evidence of 
effective research plan, 
but fails to meet a 
significant amount of 
criteria for excellence. 

[1 point] 
Design fails to test hypotheses, 
is undoable given available 
resources, controls not well-
understood. 

Data 
Analysis 

[5 points] 
Results well-understood and appropriate 
and justifiable conclusions drawn from 
data or calculations. Thorough 
systematic and statistical error analyses. 
Honest comparison with previous 
results influences discussion of results 
and conjectures about future work. 

[3 points] 
Shows some evidence of 
understanding of results 
and errors in context of 
prior results, but fails to 
meet a significant 
amount of criteria for 
excellence. 

[1 point] 
Results clearly not well-
understood, incomplete 
analysis, missing or inadequate 
error analysis, failure to 
compare with previous results. 
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Goal 3: Students in PY 253, PY 362, and PY 481/482 
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and 133 in 2007).  Comparing to our previous results, we see that the average scores were 
typical for sophomores, low for juniors, and high for seniors. 
 
The average introductory physics score was 29 (vs. – in the same years as above – 39, 35.5, 
29.2, 23.5, 20.5, 27.7, 27.5, and 35.8
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PY 262 – 


