“Energy 101” Information
Harold Schobert
July 15, 2015

Background
At Penn State, “Energy 101” (officially known as Energy and Society) was a so-called general education course, meaning that it counted as one of the science electives that any university student could take to fulfill his or her science requirements for graduation.
The Students
“Energy 101” had students from a wide spectrum of majors. I believe that once I counted 47 different majors within one section of 110 students. Obviously this made selecting the course content and teaching the course somewhat of a challenge, at least if one hoped to keep the students engaged in the material.
Students with majors in science or engineering were, by far, a decided minority. Most of the students represented various majors in liberal arts or business. A great many of the students were math-phobes, and almost all lacked any significant math skills beyond arithmetic and the simplest of algebra. Most of the students seemed to have had a high-school chemistry course; at least they were familiar with the symbols of common elements and the formulas of simple compounds such as CO2, CH4, etc.
Some students frankly confessed that they had taken “Energy 101” because they needed another general-education science course, and they had an open slot in their schedule when Energy 101 was offered, and, alas, Biology 101, Astronomy 101, etc. either were at their enrollment limits or conflicted with some other required course in their schedule.
However, it is also fair to say that there were a few science or engineering students (I even recruited a few graduate students out of the “101 pool”) who were pretty good. Some of the students from other majors also were very sharp; probably these were the students who were doing well in all their classes, and would have done well in virtually any major. Once, after a class on nuclear energy, a student stopped by and said that he was a veteran of the nuclear navy. (Fortunately, I had gotten the details correct in the lecture!)
When I began teaching this course in the late 80s, the students in a given section ranged from first- to fourth-year students. Toward the end, around 2010, I would guess that 80% or more of the students were first-year.
There was no lab component to this course.
Classroom Approach
I confess to being extremely old-fashioned and out-of-date in terms of teaching. This means that I showed up for class myself, and did not palm it off on some hapless TA. On rare occasions I did ask one of my senior graduate students, whom I knew would do OK, to fill in for me if I had an absolutely unavoidable trip on behalf of the university. Most of my lectures were “chalk talks.” I occasionally used overheads, and then PowerPoints, particularly when trying to show some complicated piece of equipment or complex diagram, but never did an entire lecture consist of PowerPoints. When enrollments were relatively small (and hence the classroom was correspondingly small) I also did hands-on demonstrations. It was interesting to me that, in the end-of-semester course and instructor evaluations, there were invariably comments to the effect that the students appreciated my writing things on the board, because that way, I was presenting and delivering information at the same pace at which they could take notes.
Also, I created a new set of notes for myself every time I taught the course. I never pulled out the notes from the previous semester or year except in rare circumstances in which I was dealing with some kind of emergency situation that precluded my preparing a fresh lecture. And, on those rather few situations in which I sent a TA into the class, I would forearm him or her with my notes from the past three or four times I’d taught the course, so that he or she could get an idea of what points to make, and at what level the material should be pitched.
General Approach to the Course
Early on, I decided on my own, that what might appeal to a class consisting of students with limited math and science skills and who, as a group, represented a wide range of majors, was basically a history course. So, I presented the course as a history of energy technology, beginning with the most primitive and usually ending with nuclear fusion. The sequencing of chapters in the book generally reflects this. I would then try to introduce various scientific points (e.g., the gas laws, principles of electricity, nuclear fission) into the “history lesson.” 
As the course evolved, I occasionally took a different approach, mainly for keeping myself from getting stale. What I would do is pick out a couple of topics that were in the public eye just then, and go into those in great depth, to the exclusion of most other topics. Nuclear energy frequently seems to be a hot issue, e.g. is it possible to subvert a supposedly peaceful civilian nuclear program to make weapons? Another common favorite was oil—price volatility, geopolitics, how gasoline is made and what octane number means, etc.
Over the nearly 25 years in which I taught the course, there seemed to me to be a steady increase in interest among the students for environmental issues. Consequently, I gradually included more material, in various ways, on environmental issues of energy use—acid rain, climate change, photochemical smog as examples.
A department head once expressed the idea that in the various “general education 101” courses our department offered, we should not worry so much about teaching the students science, but rather try to teach the students about science. I liked this idea, and tried to embody it in my lectures in various ways:
· Scientists do experiments to test hypotheses. The experiment should be designed, insofar as possible, to give a straightforward answer about the validity of the hypothesis. Examples include Faraday’s discovery of electromagnetic induction, Becquerel’s discovery of radioactivity, and Fermi’s attempts at transmutation that led to the discovery of fission.
· Sometimes scientific discoveries lead to new technologies. An example is Faraday’s discovery of induction, which, we could say, ultimately led to Edison. But, there are other instances in which technological developments only later led to the scientific foundation. An example is the evolution of the steam engine, for which much of the work was done by talented plumbers and blacksmiths. Only later did the development of the engine lead to the establishment of the science of thermodynamics by Carnot.
· What scientists, engineers, and inventors do has a direct impact on society as a whole. Therefore I would include lectures such as on the impact of cars on society, or the impact of electricity.
· Scientists, engineers, and inventors are human just like everybody else. As a group they include geniuses and outright nuts, reactionaries and visionaries, atheists and the strongly religious, and the whole range of other human characteristics and foibles. When we talked about some specific contributor, I would often try to mention some aspects of his or her background, personality, or contributions to other areas.
Assessment—Version 1
I taught this course (not by design or desire) in what I consider to be two distinct versions. “Version 1” was when the enrollments rarely topped 50 per section, and I usually had at least one TA and sometimes two or three. 
· Exams consisted of questions that usually had to be answered either by writing a long paragraph of explanation or drawing a properly labeled diagram (e.g., the global carbon cycle). Students hated these kinds of questions, but I always pointed out that they gave ample opportunities for racking up partial credit. A student who made even a feeble attempt at an explanation, or sketched even a section of a diagram could usually get a couple of points. A negative for me is that these exams were tedious to grade, and I used them only when I had TAs to help. Also, there would always be some students showing up in office hours to haggle over partial credit when the graded papers were returned.
· Since most students were math-phobes, I put no questions requiring calculations on the exams. I gave one homework assignment per week, which would usually consist of calculations of various kinds, and thus count as the “quantitative” part of the course. The student’s total homework grade would count as the equivalent of one in-class exam. I had several office-hours periods during the week, during which I would give a fairly generous amount of help, short of actually working out the math myself. So, any student who applied himself or herself, and came for help when needed, could easily receive the equivalent of an A grade for homework, which in a pinch could balance a poor grade on an in-class exam. 
· Another reason for not having math on the in-class exams was the steadily increasing sophistication of programmable hand-held calculators, including some with modest text capability. I had heard from colleagues teaching other courses that students could program such calculators with the necessary equations, or even factual information, bringing all that into the exam with them.
· Studies of how students performed, in terms of course grade, before and after the final exam showed me that it was rare for a student to change his or her grade as a result of taking the final. In other words, a student having, say, a B before taking the final almost always left with a B after the final exam was factored in. When Penn State went to a +/- grading system (A, A-, B+, B…etc.) there were instances where a student might move up or down by a plus or a minus, so to speak, as a result of the final, but even these were uncommon. So, I usually made the final exam optional. In that case, maybe quarter of the students opted to take the final. The advantage is that it substantially reduced the grading burden during final exam week. This disadvantage is that I would have a horde of students in my office before finals week trying to decide whether they should take the final.
Assessment—Version 2
I was out of the “101 pool” for several semesters. When I began teaching the course again, enrollments were now 110+ per section, and I had no TA help. Although I am ashamed to admit it, I punted.
· Exams consisted entirely of multiple choice questions, and were graded by machine. This immediately eliminated post-exam haggling over partial credit. An unexpected bonus was that I tried hard, for most questions, to avoid having one obvious choice and three ridiculous answers—rather, I enjoyed crafting alternative answers that superficially sounded plausible but were fundamentally nuts. Also, in most semesters I increased the number of exams to four.
· I eliminated homeworks.
· I also eliminated the final exam.
Course and Instructor Evaluations
Penn State had a somewhat lengthy survey form for evaluating the course and the instructor at the end of the semester. There were a half-dozen or more specific questions, all for which numerical answers could be selected ranging from 1 (dreadful) to 7 (outstanding). These answers were then rolled into a course evaluation and an instructor evaluation. As I recall, the evaluations both of the course and the instructor (i.e., me) tended to be about 5.5±0.5 over many years, for both versions.
Two favorite anecdotes, both from office hours late in the semester during the version 1 era:
One young woman told me, with much giggling, “This is really funny, but…giggle, giggle…in your course, everything connects together!” (A colleague’s comment when I related this story: “If you take enough courses, sooner or later you’re bound to blunder into one where this happens.”)
[bookmark: _GoBack]Another young woman wanted to review her three in-class exams for tips to help study for the final. As I recall, she was at about a C+, in no danger of failing but certainly not stellar. After we had gone over all the exams and I had given her tips as to how to craft her answers to rack up more points, she fixed me with a rather baleful look and said, “Well, I memorize all the facts, but you expect us to understand the concepts.” (Gee, I’m sorry! I didn’t mean to impose…)
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